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Summary 

Chronic bronchitis, or chronic non-specific lung disease, has been 
a major cause of fatal illness in Eur ipe for at least two centuries, 
and nowadays affects all industrialized countries. There was little 
advance in the understanding of thif complex of diseases until the 
last 25 years, when renewed interest arose in the United Kingdom, 
j Clearer definitions of emphysemaand ofthree categories of s^'mptoms 

were agreed. Improved methods of diagnosis and treatment were 
, developed by clinicians. Causation v as investigated by epidemiolo¬ 

gists from mortality statistics and by using new, standardized, 
methods in prevalence surveys. Heredity was thought to play a role 
of some importance but no widespi ead constitutional factors have 
been identified. Cigarette smoking was found to be the most 
important environmental factor ope a ting at present, coupled with 
smaller but important contributions f om air pollution, dusty occupa¬ 
tions, and some unidentified influer ce of climate. Socio-economic 
' status was found to Iiave a major rffect in the United Kingdom 

but apparently to have less effect in lome other countries. 

’ Before our study began, the natural history of the diseavse in its 

preclinical stages had been studied in lirectly by retrospective clinical 
and pathological enquiry. Some resej rch workers had postulated that 
- ^ the disease began %vith mucus hypersecretion and that this then 

predisposed to attacks of recurrent infection which could damage the 
lung and cause permanent airflovv' obstruction from bronchial 
narrowing and emphyserha. Others 1 bought that the airway narrow- 
,) ing and mucus hypersecretion weri-. independent abnormalities in 

hyperreactive subjects and that in^'cetion was merely secondary. 

I j These two hypotheses have different implications for the prevention 

of disability. 

In order to make direct observi tion of the early development 
i; of the disease, a prospective study v.as planned of the relationships 

of mucus hypersecretion, infection, and airflow obstruction with each 
other and with smoking habits in wi rking men. 
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Historical background 

Recognition of chronic bronchitis as a common and often gravely 
disabling disorder dates from the clinical accounts of the condition 
givenby Badham(i8o8), who first used the word bronchitis, Laennec 
(1834), and Mackintosh (1831). During the rest of the nineteenth 
century many accounts of the symptoms and physical signs of the 
disease were published but there was little advance in diagnostic 
techniques, while therapeutic methods remained ineffective. 

In the first half of the twentieth century little attention was 
given to bronchitis in medical research, although this disease re¬ 
mained a major cause of death, especially among the working classes. 
In 1923, Collis undertook a detailed review of mortality and 
morbidity statistics and commented, 

The trite observation that famiharity breeds contempt is essentially true with 
regard to the outlook on chronic bronchitis; those afflicted are inclined to accept 
the complaint as inevitable, ns something troublesome but not serious. ThoAc 
called upon to treat it do not (ind it sufficiently interesting to study closely. At a 
hospital it tends to be disregarded with an out-patient mixture yet ... records in 
England and Wales show that when mortality and morbidity arc taken together, 
bronchitis is the most important of all diseases and further it is at the same 
time a most preventable disease. 

Neglect of this common disease continued until 1951, when the 
Association of Physicians of Great Britain and Ireland held a 
symposium of chronic bronchitis. In 1953, Oswald et al. published 
an account of the clinical features of looo cases and Goodman 
et aL (1953), impressed by the predominance of chronic bi'onchitis 
as a cause of severe disablement, reviewed the data on mortality and 
morbidity. They drew attention to the large excesses of mortality 
among males, in the lower social classes, in urban areas, and in 
certain industrial occupations. They also emphasize the contrast 
between high British mortality rates and low rates in Scandinavia, 
which they thought might be due to contrasting levels of air pollution. 
Although the mortality rates are lower in Scandinavia than in 
Britain, chronic obstructive lung disease is still a major cause of 
death in every industrialized country. 

A severe smog provided the impetus for renewed interest in 
research into the disease. Between 5 and g December 1952, a 
dense, cold fog hung over the city of London. Within one week 
there were 4000 extra deaths, which occurred, for the most part, 
in people already suffering from chronic respiratory or cardiovascular 
disease. In 1953 the British Medical Research Council set up a 
committee to advise on research into chronic bronchitis, which has 
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continued to encourage and integrate research into many aspects of 
the disease. 

Definitions 

When the members of the Mc^lical Research Council committee 
first met, they found they wen unable to agree on the definition 
or diagnosis of chronic bronchit'S, especially in its earlier stages for, 
at that time, ‘all but the latei stages of the morbid process of 
chronic bronchitis were poorly understood’ (Stuart-Harris and 
Hanley 1957). But even in the later stages there w^as considerable 
confusion between the diagnosis of chronic bronchitis and emphy*- 
sema. Emphysema was assumed to be present in any patient with 
severe persistent airflow obstru< tion (Postgraduate Medical School 
1951), but such patients wer< generally referred to as having 
‘advanced chronic bronchitis’, >ften without any reference to the 
emphysema. In the USA, by contrast, such patients were almost 
invariably described as having emphysema with no reference to 
chronic bronchitis. 

In 1959, a group of British workers (Ciba Guest Symposium 
1959) proposed that diagnostic confusion could be reduced by de¬ 
fining emphysema on the an itomical basis—made possible by- 
improved diagnostic techniques (Gough and Wentworth 1949)—of 
enlargement of the size of air spaces in the lung bey'ond the terminal 
bronchioles. (It was subsequently accepted (World Health Organisa¬ 
tion igdij^hat emphy'sema indicated enlargement of air spaces with 
destructive changes in their walls.) The workers that attended the 
symposium proposed that chroi ic bronchitis should be defined on a 
clinical basis in terms of chronic expectoration as first suggested by 
Scaddtng (1952), and asthma on the functional basis of reversibility 
of airflow obstruction. The general term ‘chronic non-specific lung 
disease’ was proposed as a term to cover all three conditions but 
was not recommended for genert 1 use lest this should inhibit attempts 
to distinguish between them. The term ‘generalized obstructive 
lung disease’ was suggested for irreversible airflow obstruction 
whether due to bronchitis or to emphysema, but this term has been 
superseded, especially in the USA, by ‘chronic obstructive pul¬ 
monary, lung, or airways diseaS'.*’ (COPD, COLD, or COAD). 

Although the proposals made at the Ciba Symposium gained 
wide acceptance, some confusion remained. The verm ‘chronic 
bronchitis’ continued to be usetl without qualification to indicate, at 
one extreme, regular production of small quantities of sputum with¬ 
out any abnormality of lung function and, at the other extreme, 
severe airflow obstruction. The use of a single term to cover such 
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a wide range of abnormalities was justified by the hypothesis that 
they embraced the natural course of a single disease and that it was 
important for preventive purposes to identify potentially serious 
bronchitis at what was regarded as its earliest stage, a mere pro¬ 
ductive cough (Fletcher et ol. 1959; Mitchell 1969). This ‘unified’ 
hypothesis is not one which is supported by the findings of our 
present study. 

The concept of a single disease was reinforced by a report from 
the Medical Research Council’s committee on research into chronic 
bronchitis (1965), which proposed that it should be classified into 
three stages—simple, mucopurulent, and obstructive. This report 
led some people to the additional idea, which was not intended, that 
airflow obstruction in ‘obstructive bronchitis’ must be due to ob¬ 
struction of the airways by mucus gland hypertrophy and by 
intraluminal mucus (Thurlbeck et al. 1970). Consequently, the term 
‘chronic bronchitis’ has unfortunately continued to be used to 
describe, without qualification, children with no more than a pro¬ 
ductive cough and patients gravely disabled by or dying from severe 
airflow obstruction. Despite this continuing semantic uncertainty, 
considerable advances have been made in relation to pathogenesis, 
pathology, and functional disturbances. 

Bacteriology 

Bacteriologists found that recurrent infections in the bronchi are 
associated predominantly with Haemophilus influenzae and Strepto¬ 
coccus pneumoniae {M.2Ly 1972; Stuart-Harris 1968; Tager and Speizer 
1975) and that viral or mycoplasmal infections arc often initiating 
factors for these episodes of bacterial proliferation (Fisher et al. 
1969; Cherry et al. 1971). 

Physiology 

Physiologists have devised simple tests for assessing the severity of 
airflow obstruction by measuring reduction of maximum expiratory 
airflow (Tiffeneau et al. 1949; Gaensler 1951; Wright and McKerrow 
1959; McKerrow et at. i960). In patients with severe airflow ob¬ 
struction the pattern of disturbed function due to obstructive bron¬ 
chitis (i.e. what might nowadays be called ‘small airways disease’) 
differed from that in emphysema (Ogilvic 1959; Fletcher et al. 
1963; Nash et al. 1965; Burrows el al. 1966; Mitchell ei al. 1970). 

More specific techniques have now made it possible to distinguish 
the type of obstruction due to disease of the airways from that due 
to emphysema (Leaver et al. 1974). It has also come to be re- 
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cognized that obstructive bronchith and emphysema do not cause 
appreciable impairment of maximal expiratory flow until extensive 
disease has already developed. At aiuopsy it has been reported that 
estimated forced expiratory volume in one second (FEV) is not 
greatly affected until 35 per cent of the lung has been destroyed 
(Pratt et al. 1965). This is because n normal lungs 90 per cent of 
total resistance to airflow (the deti-rminant of tests such as the 
FEV) is located in large airways, so a tenfold increase of resistance 
to flow in small airways is required to double the total airways 
resistance (Macklem and Mead 1967 ; Hogg et al. 1968). 

A number of tests that may be capable of detecting lesser degrees 
of disease of the small airways have I'ow been developed, and it has 
been suggested that these tests might be used to detect those 
smokers who will later develop disabling, irreversible airflow ob¬ 
struction so that, if they could be pt rsuaded to stop smoking, they 
might not develop severe disease (Macklem 1972). 

Pathology 

Pathologists have developed techniques for rcprodLicihlc assessment 
of the severity of emphysema (Mcdicsi' Research Council 1975) which 
have facilitated a number of studie:; of its prevalence and patho¬ 
genesis. Recognition of other widespread pathological changes in the 
peripheral airways of subjects with rreversible airflow obstruction 
is more recent. In patients with lirflow obstruction, extenshe 
narrowing, obliteration, and mucus plugging har'e been described 
(Hogg et al. 1968; Depierre et al. 1972; Matsuba and Thurlbeck 
1973), These changes were taken to ndicate ‘small airways disease’ 
and were generally described as ‘inflammatory’. Although inflam¬ 
matory changes are not always due to infection, this observation 
suggested that infection was causativ'c. 

,/Epidemiology 

Epidemiologists have made studies the prevalence and correlates 
of mucus hypersecretion,' chest illnesses, airflow obstruction, and 
death rates from chronic respiratoi y disease in many countries. 
Many reviews of the results of these studies have been published 
(Stuart-l'Iarris 1968; Van. der Lend*’ 1969; Gilson 1970; Higgins 
1971; Reid and Fletcher 1971 ; Unite 1 States Public Health Service 
1971; Bennett et ol. 1972; Fletcher i'>i 73 ; Higgins 1974I. 

’Fhe broad aetiological conclusi{)n:i which may be derived from 
all these studies are that cigarette smo <ing is now the most important 
cause of chronic obstructive lung d sease, with air pollution and 


6 X 00898902 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 





6 Chroni^Wonchitis and emphysema CH.i 

occupational exposure to dust fumes also making a contribution, 
especially in cigarette smokers. The effect of geographical differences 
^in climate is uncertain. The degree of damage caused by a given 
V exposure is very variable, and only a minority pf smokers develop 
severe obstruction. Little is known about the constitutional basis 
for this susceptibility but there does appear to be some inherited 
element. That other unidentified aetiological factors are also con¬ 
cerned is shown by the wide prevalence of, and high mortality from, 
what was diagnosed as ‘chronic bronchitis’ in Britain long before 
cigarette smoking became a common habit (Collis 1923) and by the 
largely unexplained social-class gradient of this which still exists, 
particularly in Britain, and which is not just due to differences in 
smoking habits. 


The need for clarification of the natural history of chronic 
obstructive lung disease 

When we planned our study, the concept was widely held that 
simple, muc(jpurulcnt, an<l obstructive chronic bronchitis were stages 
in a single pi'occss, whicli was often accompanied by the develop¬ 
ment of emphysema. 'This was based not only on the histories re¬ 
ported by patients, but also on the close associations found in many 
prevalence surveys between the chief manifestations of this ‘process’— 
mucus hypersecretion, recurrent infection, and irreversible airflow 
obstruction. Subjects with persistent cough and sputum had, on 
average, a higher frequency of chest illnesses and lower ventilatory 
capacity than those without these symptoms (Fletcher et ah 1959; 
Sharp et al. 1965; Van der Lende 1969; Monto et al. 1975), but 
it had not been possible to determine whether this association w^as 
due merely to these conditions having common causes, or w^hether 
they were causally related to each other. 

Retrospective epidemiological and clinical studies had emphasized 
the long course of the disease in many cases. Reid and Fairbairn 
{1958), Oswald et al. (1953), and Stuart-Harris and Hanley (1957), 
in clinical studies, had described the many years of chronic cough 
and recurrent illnesses which usually precede the development of 
disabling breathlessness. In many of their patients, however, the onset 
appeared to have followed an illness described as acute bronchitis 
or pneumonia; it was therefore suggested that the infection was a 
cause of lung damage leading to impaired ventilatory capacity. 
Stuart-Harris (1954) considered that infection was also a cause of 
chronic mucus hypersecretion rather than the reverse. Pathologists 
reported topographical associations between mucus gland hyper- 
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plasia, evidence of chronic inflammation (often assumed to be due 
to infection), and emphysema (Spain and Kaufman 1953 ; Reid 1954; 
McLean 1957; Leopold and Gough 1957; Reid 1965; Heard 1969). 
These were taken to indicate causal relationships. 

'British^ hypothesis 

The hypothesis was consequently developed that in most cases the 
first stage in the development of chronic bronchitis was mucus 
hypersecretion, due predominantly to cigarette smoking but with 
general air pollution and respiratory infections also acting as contri¬ 
butory causes; that this hypersecretion impaired the defence of the 
bronchial tree to infection; and that infection produced disseminated 
bronchiolar obstruction and emphysema. Swabs taken at broncho¬ 
scopy confirmed that while the normal bronchial mucosa is sterile, 
pathogenic bacteria may be recovered from patients with persistent 
expectoration even when the secretion is mucoid (Lees and 
McNaught 1959; Laurenzi et al 1961). 

If the hypothesis that airfiow obstruction, due to bronchial 
narrowing or emphysema, resulted from injury due to acute or 
chronic bronchial infections were true, there would be important 
practical consequences, for it would imply that only those cigarette 
smokers who developed a productive cough would be liable to re¬ 
current infections and thus at special risk of developing disabling 
breathlessness. This progression could perhaps be prevented by 
stopping smoking or, if stopping were not possible, it might be 
prevented by appropriate use of antibacterial drugs to control in¬ 
fection. Abrupt development of disabling airflow obstruction from 
an acute infection in previously healthy individuals might also be 
preventable by prompt use of chemotherapy. 

This ‘British’ hypothesis was based entirely on retrospective 
reconstruction of events without any actual observation of the course 
of the disease. How misleading such reconstruction can be is shown 
by the patient described in Chart F.i in the Appendixes. Moreover,-^ 
there was some conflicting evidence at the time; patients sometimes-^ 
developed severe emphysenia without any preceding productive / 
cough or history of infection (Mitchell and Filley 1964) and although 
ventilatory capacity was generally reduced during acute exacerbations 
of bronchial infection, it usually had been found to return, on 
recovery, to its previous level (Felix-Diwis and Westlake 1956). 
Several studies have subsequently shown little relationship between 
exacerbations of clinically apparent infections, or their treatment, 
and deterioration of lung function (Medical Research Council 1966A; 
Howard 1974; Gregg 1969). 
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•Dutch’ hypothesis of chronic bronchitis and 

A different concept of the ™ Dutch investigators. They 

emphysema was propose ' P ^ emphysema were closely re¬ 
suggested that airwa^^^ n'lrmwing developed as a 

lated to asthma. In v'e™, ^ 

primary abnormality m 8U J variety of allergic and other 

Lalogous to aliergtc Van der Lende 1969; 

environmental stimulants ( communications). Bacterial in- 

Orie and Van der P pnndarv to the primary obstructive 

fections were regarded as ^eco 7 broncho dilator 

condition, and possrb^ iCens ^he r:iechanLrn of the ov.r- 
therapy or avoidance oi Axg bronchial 

reactivity was considered to ^ mucus hypersecretion. 

muscle contraction. snch changes could lead 

No dear mechanism was sugg hypothesis were correct, 

m irreversible obstructive changes. Ujh.hyP^^ c.er-reactivity 
a productive cough nug index as a histamine test), but 

(although perhaps not as sensiti progression 

chemotherapy could not be avoided, treatment 

The most direct way ‘he “oy^oourse^of events^m 

SLase. The ideal of follot^ng a impracticable, 

women from adolescence to id be obtained from a 

but it seemed that useful in or ^ ^en, with their high 

relatively short-term study of ^^^^h 

incidence of obstructive . g > number of men studied 

dinical disease begms to declare 

would have to be sue ^ siCTniflcant difterences between 

period of the study there mig S in difleient 
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sputum volume measurement, and of spirometry were thought to be 
sufficiently accurate and reproducible to provide useful results, and 
more elaborate or time-consuming t ichniques, although desirable, 
were not considered essential. In sue! a study, it was not possible to 
evaluate the effects of air pollution, cli) a ate, or occupation nor to make 
detailed studies of constitutional facte rs. The purpose was simply to 
discover the usual course by which disabling airflow obstruction 
developed, and some of the causes of its development. 

In i960, after an appropriate population of men had been found 
in West London (see Chapter 2), the Medical Research Council 
agreed, on the recommendation of it; Committee on the Aetiology 
of Chronic Bronchitis, to support a st idy in which regular measure¬ 
ments would be made of sputum vo ume and of ventilatory capa¬ 
city, and records would be kept of chest colds and chest illnesses 
and sputum purulence for a period of five years. In the event, the 
duration of the study was prolonged t o eight v^ears. 

The study was designed to explore, the interrelationships in time 
of the three main components of the bronchitis syndrome, to dis¬ 
cover whether a chain of causation co tld be established, and to find 
out w'here in any such chain the well-established effect of smoking 
operated. The role of allergy was tc be assessed by asking about 
personal and family histories of allergic conditions and by assessing 
sputum eosinophilia. 

The study was not intended to ini'estigate progression of the 
relatively severe airflow obstruction which is found in most patients 
who seek medical aid. Although men ivho had already reached this 
stage would not be excluded, the main purpose was to delineate the 
earlier stages of the disease in men v.ho were healthy enough to he 
in full-time employment. 
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Summary 

In West London, management and men working in an engineering 
works and in an office block agreed to co-operate with the study. A 
preliminary survey of these men, aged 30—59, showed a high enough 
prevalence of chronic phlegm production, recurrent chest illnesses, 
and impaired ventilatory capacity for a valid study of their inter¬ 
relationships to be practicable. 

In 1961, a sample of 1136 of these men was drawn for follow-up. 

The sample was weighted to increase the proportion of men with 
bronchitic symptoms and of non-smokers. Twenty-five of the men 
were later excluded because of chest conditions other than airflow 
obstruction, and 319 men (including 90 who died) were excluded 
because they attended too few surveys. This report is mainly con¬ 
cerned with the remaining 792 men, whom we call the Follow-Up 
Group, 

Surveys were carried out in the summer of 1961 and thereafter 
at six-monthly intervals until summer 1969, with the exception of 
winter igfih-y.yA-irflow obstruction was assessed by three measure¬ 
ments of forced expiratory’*volume in one second (FEV) at each 
survey (and two of vital capacity (VC) at seven surveys). After 
correction for observer and seasonal biases, the rate of change of 
FEV was estimated as the regression of FEV on time minus 15 ml/ 
year. Bronchial infection was assessed by recording chest illnesses 
and colds which had occurred in the intervals between surveys 
and by assessing the purulence of the sputum specimens, Aducus 
hypersecretion was assessed by measurement of early morning 
sputum volume and by questions at the summer surveys about 
chronic phlegm production. Current smoking habits were recorded 
at each summer survey. ! 

In addition, various special studies were undertaken at particular J 

surveys. Lifetime smoking habits were recorded in 1965. Allergy was i 

assessed by questions on personal history of asthma and hay fever in ^ 

1961, by^ a detailed allergy questionnaire in 1965, and by the 
presence of eosinophils in the sputum specimens at three of the 
surveys. Chest X-rays were taken of men attending in 1967. A ; 

questionnaire on childhood illnesses was completed in 1965 and ; 

I 

I 

I 
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measurements of skinfold thickness )n the back of the hand were 
made at the same time. Serum ant’bodies to H. Influenzae were 
determined in 1968. Although some u >e was made of these additional 
measurements, the main point of fh( study was our regular assess¬ 
ment, over an eight-year period, of FEV, expectoration, smoking, 
and symptomatic chest infections in "92 middle-aged men. 

Choice of population 

A stable and co-operative male working population suitable for the 
proposed study was sought by visiting a number of factories and 
offices in West London in 1958. The London Transport Workshops 
at Acton and Chiswick, concerned at Acton with the maintenance 
of railway stock and at Chiswick with maintenance of buses, 
employed approximately 4000 men and had the remarkably low 
labour turnover during the previous ro years of some i per cent per 
year. A further population, about hall as large and of similar stability, 
was found at the Post Office Savings Bank at Hammersmitli. 

At the London Transport Workshops the men worked in large 
sheds at ground le\'cl, which were frequently opened to admit 
vehicles. These sheds conformed to Factory Act requirements that 
the temperature must reach 16 "^C wi hin one hour of starting work. 
The majority of men working there were skilled machine operators 
or foremen of Social Class III (manual). Some of these were later 
promoted to supervisory grades. There were also a few unskilled 
w^orkers. Their earnings in 1961 ranged between £800 and £1200 per 
annum. The official working week v as 44 hours. It was shortened 
to 42 hours in 1960 and to 40 hours in 1965, with occasional over¬ 
time. 

The Post Office Savings Bank w is housed in a large Victorian 
blockof offices with central heating. The temperature was maintained 
close to zz^Q. Most of these men were clerical officers of Social 
Class IIT (non-manual), with earning > similar to those at the London 
Transport Workshops. At the Post ('ffice Savings Bank there was a 
40-hour, five-day week, with frequei r overtime. 

Representatives of management arid men were approached about 
the possibility of carrying out a p ospective study of bronchitis 
and heart disease, which would prooably continue for at least five 
years, and willing co-operation was ilssured. It was explained that a 
preliminary survey would be ncedeil to establish whether the pre--^ 
valence of broncliitic symptoms was sufficient to justify embarking 
on a long-term follow-up study. Tic study eventually continued for 
eight years, 1961-9, 
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Table 2.1. rggg pilot survey 

Results of the 1959 pilot survey at the London Transport Workshops : percentages with Various conditions by age group O 



Age 

30-39 

(76 men) 

Age 

40-49 

(r iz men) 

Age 

50-59 
(195 men) 

Apparent annual increaset in 
percentage with this condition 

Condition 

35-45 

4 S -55 

Percentage with chronic mucus hypcrsecretionj 
Percentage with significant ventilatory impairment§ 

24 

T 9 

00 

43 

I 2 'S 

+ 0-4 per year 
— 0 08 per year 

+ I'S per year 
+0-57 per year 


t Assuming differences in prevalence to be due solely to an attack rate with advancing age, 

+ Phiegm production on most days for at least 3 months per year and/or 2 ml or more of morning phlegm. 

§Pcak expiratory- flow more than z S.D. below the mean of men of the same age and height without dyspnoea or chronic phlegm. 


Table 2.2. The ig 6 i sampling scheme 

Numbers of men aged 30-59 selected for interview and numbers included in initial survey, 1961 




London Transport Work- 

•*■ f 

f • 

m 


n „) 



«. 

1 


73 

“ 

Intended sampling 
fraction 
(per cent) 

:z: 

0 

0 

s. 

z 

rT 

No. selected 

No. included 

5**0 ^ 

i ? S 

0 E" 

0 ’ja 

1 ' 

^ Q ga 

S.£,^ 

2 

33 

No. selected 

No. included 

Inclusions as 
percentage of 
those selected 

No. available 

No. selected 

2: 

P 

c 

Q. 

0 

Cl. 

Inclusions as 
percentage of 
those selected 

Inclu.sions as 
percentages of 
those available 

Group I (Symptomatic) 

100 

430 

430 

4^5 

96-5 

222 

222 

211 

95'o 

652 

652 

626 

96-0 

96-0 

Group Z (.^.symptomatic non- 
smokers) 

50 

]8g 

94 

89 

94'7 

93 

47 

45 

95'7 

282 

t4t 

‘34 

95-0 

47-5 

Group 3 (.Asymptomatic smokers 
<5r e.\-.smokers/ 

20 

706 

^53 

'jr 

97'4 

437 

84 

So 

95-2 

liJJ 

239 

23 j 

96-7 

18-7 

Group 4 tNo questionniiire 
returned) 

30 

760 

214 

>45 

67'8 

86 

0 

0 


846 

214 

145 

67-8 

171 


■i' 

^"75 


H <30 

S9-6 

«38 

35J 

33f5 

95'^ 

3013 

\ 246 

: 136 

yi 2 

37-7 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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be carried out on only a proportion of the men, and that few of 
the selected men would derive any benefit from the study, the sole 
purpose of which would be to increase knowledge about common 
disabling diseases. Findings on individuals were to be confidential. 

It was, however, agreed that if any abnormality needing treatment 
was detected, the man would be informed and his permission obtained 
to write to his own doctor, 'whom he should then consult. At both 
places, representatives of the men welcomed the proposals and the 
management agreed to allow men to leave their work for interviews 
andmeasurements without loss of earnings. At the London Transport 
Workshops the cost of men leaving their work was to be reimbursed; 
at the Post Office Savings Bank no charge was to be made. The 
management supplied lists of names, dates of birth, and works 
numbers: members of the staff agreed to distribute the preliminary 
questionnaires and to work out appointment lists for six-monthly 
surveys. 

At the end of ig6o, 3013 men aged 30—59 were available, including 
both salaried and wage-earning staff at the Post Office Savings Bank 
but only wage-earning staff at the London 'Transport Workshops. 
To draw a sample of approximately 1000 men, stratified according 
to their symptoms and smoking habits, another self-administered 
questionnaire (Appendixes, section A.2) was distributed to all the 
men by the managements in March 1961, The sampling scheme was/ 
designed to include all men with symptoms of respiratory disease, to 
increase the proportion of non-smokers (to act as controls for the 
more numerous smokers), and to take a smaller proportion of tlie ^ 
many smokers without evidence of chronic phlegm production.t 

To this end, the men were put into four groups according to their^ 
replies to the questionnaire, as follows (Table 2.2): 

Group 1 : 'Symptomatic men’ who admitted to chronic phlegm production (‘Yes’ to 
question 4) or to recent che-st illnesses (‘Yes’ to question 7 or 8) and men who 
were on sick leave on account of an illness certified as respiratory in nature by their 
general practitioners. All the men in this group were selected. 

Group 2: Men who denied having ever smoked regularly (Part II of the question¬ 
naire) who had not been incliKled in Group r, and were thus ‘asymptomatic non- 
smokers' (‘No’ to questions 4, 7, and 8). Half of these men were selected. 

Groups: Men not included in groups i or 2 who were thus ‘asymptomatic 
smokers or ex-smokers’. One in five of these men w'as selected. 

Group 4; Men who did not return the questionnaire, a few because of a temporary 
illness. At the London Transport Workshops 30 per cent of these men were 
selected. At the lk>st Oflice Savings Bank the t|uestionnaircs were diatrilmlcd iiiul 

t This samplinjr scheme was designed by Dr. A. S. Fairbaini, then 8 member of the 
Medical Research Council’s Btatisticnl Research Unit, 


collected by an officer of the staff association and 89 per cent of the questionnaires 
were returned. The remaining 11 per cent of the men were unwilling to take part 
in the study and, at the request of the staff association, no further approach was 
made to these men. Thus, there were no group 4 men from the Post Office Savings 
Bank. 

Men in these four groups were asked to attend the initial survey, 
and at both the London Transport Workshops and the Post Office 
Savings Bank 96 per cent of the men in groups i, 2, and 3 did so. 
Only two-thirds of the men in group 4 attended. The 1136 men who 
attended the initial survey (Table 2.2) are referred to as the stratified 
sample. From the sampling fractions and the proportion of men in 
each of the sample groups, it can be estimated that 2601 men of 
the total population would have been willing to attend the survey if 
asked and 412 men w^ould ha\ e refused. These 2601 men (86 per 
cent of all available men) are referred to as the total co-operative 
population. The prevalence of symptoms and levels of various 
measurements in this population are estimated from the prevalence 
and levels observed in the stratified sample, taking account of the 
sampling fractions (see below). 

Since the stratification scheme adopted was biased against 
asymptomatic smokers, it distorted the relationship between smoking 
and symptoms that would have been found in a purely random 
sample. Although a distortion such as this can always be allowed 
for (Appendixes, section B.7), such allowance means that all random 
errors are larger than they should be, and all tabulations and re¬ 
gressions are slightly more complicated to calculate and describe 
than they would have been if no such allowances were necessary. 
Stratification based on two factors is not desirable in such studies, 
and it would have been better if yve had merely stratified with 
respect to smoking (selecting all the non- and cx-cigarette smokers 
plus about a third of the current cigarette smokers), since our sub¬ 
sequent tabulations and regressions would then not have needed 
adjustment for the selective nature of the initial sample. 

Procedures at the initial survey, 1961 

Arrangements were made for the men in the stratified sample to 
be interview^ed and examined at the places where they worked. 
The survey started in April and ended at the beginning of August 
1961. The questionnaire used (Appendixes, section A,3) was a slightly 
modified version of the Medical Research CounciTs {i966rt) 
Questionnaire on Respiratory Symptoms. 

Each man was received by a clerk, who weighed him without 
coat and shoes and measured liis standing and sitting height. The 
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man was then randomly allocated to one of two interviewers, who 
completed the questionnaire. The interviewers were State Registered 
Nurses who had been trained in the technique of interviewing with 
a standard questionnaire. The first hundred interviews were moni¬ 
tored by tape-recordings and one or two minor discrepancies in 
techniques were corrected. 

Five acceptable readings were then made in the sitting position 
of the forced expirator\^ volume in one second standardisced to body 
temperature (FEV), using a Poulton spirometer (McKerrow el oi. 
i960). The nearest 50 ml mark on the dial behzv the needle was taken 
as the correct reading. The readings of blood-pressuie and FEV 
were made by one of three doctors, to whom the patients were 
allocated in order of attendance. 

During the initial survey at the Post Office Savings Bank, measure¬ 
ments of FEV were repeated after an interval of 8—11 days on a 
random sample of 152 of the 336 men who attended. The mean 
value was 3*227 litres on the first and 3'Z43 the second 

occasion. Eighty-onc per cent of the readings agreed within ± 300 ml 
and 9s per cent w'ithin +4001111 (hlctchcr 1964)* I he mean readings 
of the three observers did not differ significantly. 

The interviews and measurements were completed in about 30 
minutes. Each man was then given a sterile 25 ml ‘universal container’ 
into which he w*as asked to expectorate all the phlegm brought up 
from his chest in the first hour after getting up on the morning of 
the day after the interview {on Monday in the case of interviews 
on Friday). The bottles were to be returned before noon in an 
envelope which w’as provided. The instructions were given verbally 
and by a note accompanying the sputum container (Elmes ei al. 

1959)' 

The sputum specimens were examined on the day of collection 
by a doctor or a senior technician, who recorded the volume by 
coj-nparing each container with a row of identical bottles containing 
volumes of coloured w'ater ranging from 1 ml to 20 ml. The volume 
of sputum was recorded to the nearest millilitre below the actual 
volume and 0*5 ml w*as added to all readings of non-empty bottles. 
A specimen of less than 1 'O ml was thus recorded as 0*5 rn) *, specimens 
of I’O—2'oml were recorded as i'5m], and so on. In the course 
of the survey, techniques for quantitative recording of sputum 
purulence and eosinophilia were developed (Miller and Jones 1963). 
T'hey were used in some .subsequent surveys, but neither of these 
indices was recorded at the initial survey. 

Most of the men who attended the initial survey had been X-rayed 
recently by the local miniature radiography unit, which visited their 


Table 2.3. Numbers of attendances at each survey 1961-9 


Survey 

number 

Year 

Follow-Up 

Group 

Lapses 

All men 

I 

1961 

792 

344 

1136 

a 

I g 61“2 

75 S 

263 

I 02 I 

3 

196 a 

742 

241 

9^13 

4 

1962-3 

722 

220 

942 

5 

i9'63 

727 

2ZS 

952 

6 

1963-4 

72 s 

lyo 

9LS 

7 

1964 

717 

I 7 Z 

889 

8 

1964-5 

688 

>51 

839 

9 

1965 

690 

I 3 I 

821 

10 

1965-6 

684 

93 

777 

I 1 

1966 

7*4 

98 

81 Z 

IZ 

No survey 

— 

— 

— 

13 

1967 

644 

29 

^73 

*4 

1967-8 

701 

23 

724 

15 

1968 

685 

14 

699 

t6 

1968-9 

676 

15 

6 gi 

17 

1969 

682 

6 

688 

Average no. 
of surveys 
nttciulcd 


*4'3 

6-4 

1 1'9 
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Fig. 2.1. Numbers of men attending each survey 
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places of work every other year. Reports on these films were obtained 
and entered on the men's records. Reports were also obtained from 
chest clinics and hospitals where appropriate. 


The Follow-Up Groupf 

In the course of the study there was a steady loss of men, greater 
than had been expected on the basis of the low manpower turnover 
recorded in preceding years, from the stratified sample examined 
at the initial survey (Tabic 2.3; Fig. 2.1). The diminution of the 
lapse rate in 1966 w’as due to special efforts which were made to 
continue observations on men who had stopped working at the 
London Transport Workshops or at the Post Office Savings Bank 
but whose whereabouts were still known. In the later years of the 
study, some 60 of these men continued to attend regularly at 
Hammersmith Hospital, and a further 30 were visited at their places 
of work or their homes in various parts of the country by health 
visitors. Men failed to continue to attend for a variety' of reasons, 
the chief of which was that they were disappointed that the study 
was not providing them with medical advice; a few men happened 
to feel unwell after a survey and blamed one of the tests, and 
others just dost interest'. One hundred and eleven men transferred 
to other employment or retired prematurely early in the course of 
the study, and there were 90 deaths; the relevance of the initial 
survey findings to subsequent mortality will be reported elsewhere. 
Three men were excluded because they w'ere receiving bronchodilator 
or steroid therapy for the greater part of the study, which precluded 
observation of the natural development of their airflow obstruction 
(see p. 20). 

As a result of these losses, there were 319 men for whom in¬ 
sufficient acceptable measurements of FEV were available to provide 
reliable estimates of their regressions of FEV on time (Appendixes, 
section B.4). These men, together with ii who had had a previous 
lung resection, 4 who developed lung cancer, 3 who had asthma re¬ 
quiring continuous therapy', and 7 other men (Appendixes, section 
B.4), 344 in all, are referred to as Lapses. The remaining 792 men, 
including 17 clinical asthmatics who were not receiving continuous 
therapy and some other possible asthmatics, comprise the Follow- Up 


t Previous reports on the first scvuti ycurs of the study (P'lvtcKcr iy68 ; [‘'IcIcIjct ct til. 
1970, 1971) were nifide trn a sliyhtly difFcrcnt Hioup oF men: in particular, 32 men who 
gave a history of asthma were excluded. It was su^Kc.stcd by Oric (1970) that tin's ex¬ 
clusion could conceal any relationship oF allergy with the development of airflow obstruction. 
For this reason, these men have been included in this final analysis except for 3 men 
rejected because they were receiving bronchodilator therapy. 


CH.2 


AH men afjed 30-5' in 1961 
(3013 men 


Those who would 
have attended in 
1961 if asked 

= TOTAL CO-OPERATlVii 
POPULATION 
(about 2601 men) 


'I'hoKc \vlin wouUl 
not ha\ e attended 
in 1961 if asked 
(about 4t2 men) 


Asked to attc id 
the 1961 surv' yt 
{1246 men 



Accepted (1136 men) Refused (no men) 

= STRATIFIKD SAMPLE 



Seen frcciuently Lapsed {344 nen) 

1961-9 = LAPSES 

(792 men) 

= FOLLOW-UP GROUP 


t Invitations sent to approximately 
100 per cent of symptotnaitc men 
50 per cent of asymptomatic non-smoker." 

20 per cent of asymptomatic .smokers 

30 per cent of men not returning questioi' laire. 

Fig. 2.2. Derivation of men in Follow-Up Group 


Group, The deri\'ation of this group rom the total population of 
men available in 1961 is illustrated in I'ig. 2,2. 

Procedures at follow-up surveys 

The basic plan of the stud_v was ti make recordings every 
months of ventilatory capacity, chest illnesses, and expectoration.4?^ 
In the summer, when sickness absence is less frequent, it was easier 
for the management to allow men to Ic: vc their work, and extra time 
could be allowed for additional studie . During the first two years, 
special methodological studies were als* > carried out on small sainple.s 
of men. The study was originally plan ted for a period of five years 
but this period was extended by a further three years with omission 
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'one winter survey (survey ix) to confirm the pattern of change of 
>utum volume and FEV during the first five years and to increase 
le accuracy of assessment of the rate of decline of FEV in individuals 
id in groups of men. Table 2.3 shows the number of men in the 
ollow-Up Group attending each survey, and Table a.4 shows the 
irveys at which the various routine and special measurements 
ere made. 

Measurement of lung function 

orced expiratory volume in one second (FEV). FEV w^as measured at 
/ery survey by nurses and technicians by the same technique as 
as used at the initial survey. Ideally, these measurements should 
jl have been made by the same observer, but this was impossible 
[id 21 observers were used over the eight years of the study. They 
ere all carefully instructed in the technique. Before each new 
Dserver’s observations were accepted, he or she and an established 
□server made independent duplicate recordings of FEV and ob- 
lined answers to the routine questionnaire on 40 subjects. The 
rdet of measurements and interviews was randomized between the 
yo observers. ^I'he re.sults were analysed immediately and any 
^chnical errors thus disclosed were discussed with the new observer 
ad corrected. On no occasion did the mean readings of FEV by 
W new and old observers differ by more than 80 ml, and seldom 
y more than 40 ml. (Our later estimates of 'observer biases’ are 
ased oil all the measurements that each observer made, not on the 
isults of these training sessions.) 

The accuracy of the Poulton spirometers was checked each day 
y the calibrating device provided. The temperature of the water 
1 the spirometer was maintained very carefully between 18'’C 
□d 22 '^C, and FEV (BTPS) was read directly. 

If the readings on any man were judged by the observer to be 
ffected by poor co-operation or by any temporary physical dis- 
bility (such as recent dental extraction or the wearing of a spinal 
icket), the fact was noted and the readings taken at that survey 
/ere not used in the analysis. In the course of the study, 90 readings 
3-7 per cent of all readings) on a total of 65 men were excluded 
□r such reasons. The men were also asked at most summer surveys 
/hether they were taking any treatment for difficulty in breathing. 
i)ne or more readings from 19 men were excluded becau.se of 
ronchodilator or steroid therapy at the time of a survey, and because 
t this 5 of these 19 men were treated avS Lapses only because they 
^ere under treatment for most of the study. 

At each survey, five FEV readings were taken, two practice blows 
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B = at both the Post Office Savings Bank and the London Transport Workshop; 
P = at the Post Office Savings Bank oniy 
L = at the London Transport Workshops only 
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lowed by three recorded blows. For all the analyses the measured 
-V was taken to be the largest of these three recorded blows (see 
5 p<bndixes, section B.i). All the measured FEV le\*els at each survey 
a-e corrected for minor biases attributable to deferences between 
servers or between seasons (see section B.2 of the Appendixes), 
lese corrections were typically of a few centilitres only: the most 
treme was the correction needed at survey 3 after the cold winter 
1962-3, which Avas nearly 130ml (F'ig. 2.3). After applying these 
rrections, no seasonal fluctuations in the FEV remained. (The data 
Fig, 2.3 are given in Table 4.1, p. 55.) 



Fig. 3.3. FEV means and biases 

■an FEV survey by s\m cy for 347 men \\Iio gave acceptable readings at every survey, 
i mean observer binses at each survey. 

The mean annual rate of loss of FEV in the Follow-Up Group 
IS 30 ml/year. In our analysis of the causes of FEV loss, we derived 
o main quantities from the FEV measurements for each man¬ 
’s mmn FEV and his FEV slope. His mean FEV is a weighted 
erage of all his corrected FEV measurements, standardized to 
65 by 30ml/year. (Mo.st men in the I'ollow-Up (ft'oup had similar 
mbens of FKV readings before and after 1965, and so tlieir mean 
ilV is unaffected by their standardization.) 'The weights were 
ghtiy larger for readings taken at later surveys because the men 
d learned to perform more accurately by then. This weigliting of 


the mean FEV was done to eliminate regression to or from the 
mean (Appendixes, sections B.5 and B.16). 

If we take a man’s mean FEV in 1965 and draw a line of slope 
30 ml/year through it, it is unlikely that any of his corrected FEV 
measurements Avill be outliers which deviate by more than ±0*45 
litres from this line. The FEV slope for that man is derived by 
omitting any such outliers, calculating the regression coefficient of 
the remaining measurements, and subtracting 15 ml/year from it. 
Most of the outlying values thus omitted seem to be data errors 
(Appendixes, section B,5 ; p. 124; Appendixes, Charts F. 15—18), and 
their exclusion ("winsorization’) makes the trend in the remaining 
measurements more reliable. The 15 ml/year correction to each slope 
was introduced because we believe (Appendixes, section B.3 ; p. 125; 
Appendixes, Chart F.16) that poor FEV technique in the earlier 
surveys may have made the simple regression coefficients too shallow. 
A fuller description of how we treated our FEV measurements is 
given in sections B.i-B.5 of the Appendixes, -with a summary of it 
in .section B.5. 

Vital capacity ( VC) and the ratio FEV^Y^VC. No measurements of 
VC were made in the first two years of the study because this 
measurement was then considered unreliable and unnecessary for 
assessment of lung function in epidemiological sur\eys. This 
omission was subsequently corrected and two measurements of slow 
VC were made on each man at the sixth survey in January 1964, 
at the ninth survey in July 1965, and at the thirteenth to seven¬ 
teenth surveys, after the measurement of FEV. The mean of the 
two VCs at each of these surveys was recorded. (In retrospect, we 
would have slightly preferred to have used the larger of the tw-o — 
see section B.6 of the Appendixes.) These means were then corrected 
(section B.z) for observer and seasonal biases, and the VC for each 
of the 792 men in the Follow'-Up Group W'as defined as the maximum 
of the corrected mean VC values recorded for him. This maximal 
VC is henceforward referred to simply as the VC, The ratio 
100 X (mean FEV)/VC was calculated and is referred to as FEV/^IVC. 
Insufficient readings of VC were obtained for a reliable estimate 
of VC slope. 

Meas^ircmcnts of airjhm resistance. In 1962 it was thought that an 
increase in airflow resistance on smoking a cigarette miglit be an 
indication tlial a man was likely to develop persistent airflow ob¬ 
struction. Pilot measurements of airflow resistance h>- a body 
plethysmograph were therefore made on a small sample of men at 
the Post Office Savings Bank before and after smoking a cigarette 
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(McDermott and Collins 1965). Since an association was found 
between the change of resistance and bronchitic symptomSj these 
measurements were repeated at the ninth suiwey on 752 of the men 
tvho attended (Guyatt et al. 1967; Alpers and Guyatt 1967; Guyatt 
and Alpers 196S). It was found that the association previously ; 

observed was merely due to a greater change of resistance in men j 

Vho inhaled more deeply during the test, because depth of inhalation i 

during the test was correlated with daily cigarette consumption and 
this with more frequent bronchitic symptoms. After allowing for this, i 

there was no remaining association with symptoms of bronchitis 1 

(Guyatt et al. 1970). We have included the E965 data in our present • 

analysis, confining our interest to men who were regular smokers ; 

(and hence accustomed to the effects of cigarette smoke). The increase 
in airflow resistance on smoking a cigarette was estimated as zero j 

if the second resistance measurement was less than the first, and i 

as the difference between the two resistance measurements otherwise. 

i 

Measurements of bronchial infection 

Respiratory illnesses. I'he original plan was to collect information 
on all respiratory illnesses, however mild, which might affect ven¬ 
tilatory capacity. An attempt to do this was started in October 
1961. Each man was sent a reply-paid postcard every two w’eelcs on 
which he was asked to record whether he had suffered from a cold j 

or any other sort of chest illness or had had a persistent increase in i 

phlegm production during the preceding two weeks. So many men i 

reported episodes that the accuracy of the replies could be checked j 

in only a small proportion of them, and even in those checked it was 
difficult to know whether there had been one continuous or two ■ 

separate episodes. This frequent recording of minor respiratory 
episodes was continued for only six weeks. Reliance was thereafter 
placed on reports of chest illnesses and chest colds given by the 
men at each six-monthly survey. Chest illnesses recorded at the j 

initial survey referred to the previous three years and those at the i 

second surs'ey were recorded on a pilot questionnaire which was later i 

modified. Only chest illnesses and chest colds recorded on the i 

standard questionnaire (Appendixes, section A.4) used at the third 
(summer 1962) and all subsequent surveys are used for the 
correlations of these episodes with other measurements. . 

In the standard questionnaire each man was first asked about any , 

chest illness which had kept him in hospital or bed for a week or i 

more ; subsequent questions were then asked about flu or chest colds | 

and about associated increases of phlegm and changes in its colour. j 

In a special study of chest episodes (Angel et al. 1965), the first of these I 

6200e9e90E 


questions about a definite increase oi phlegm with the episode was 
found to produce reliable answ'ers, b U the replies to the questions 
about the duration of the increase and about changes in the colour 
of sputum did not correspond well vith what had been obsem'ed 
at the time of the episode. No use vas therefore made of replies 
to these questions, nor of answers lo the question on periods of 
increased cough and phlegm, since fl w were recorded by men who 
had not also recorded a chest illnc ss or chest cold. Eighty per 
cent of these chest illnesses or chest colds were associated with an 
increase of phlegm, and only those wi h an increase were used in the 
multiple regression analysis (but see \ppendixes, section B.8), For 
most purposes chest illnesses with rhlegm and chest colds with 
phlegm were combined, and refern d to, as ‘chest episodes’. (A 
preferable method of scoring these cl cst episodes, for use in future 
studies, is put forward in section 11.8 of the Appendixes.) The 
frequency of chest episodes for each nan is the number of surveys 
from summer 1962 to summer 19 >g at which he reported an 
episode, expressed as a percentage ol the number of these surveys 
which he attended. This method of tec ording slightly underestimates 
the frequency of all chest episodes, s nee a few men reported more 
than one chest episode at one surv-y. (The mean chest episode 
frequency in a particular group of m< n is calculated as the average 
of their percentage frequencies rather than as the total number of 
episodes reported divided by the total number of surveys attended 
by these men.) ■ 

One major difference between ou ■ technique of dividing chest 
episodes into severe ones (chest illnesO and others (diest colds) and 
the technique used by other worker; should be emphasized. The 
Questionnaire on Respiratoi-y Symptoms (Medical Research Council 
1966^) asks whether a week in bed or alf work was involved. We asked 
this, too, in 1961 but at all the routine surveys from 1962 to f969 
we asked about a week in bed, and thi; is a more restrictive criterion. 

Sputum purulence. The purulence of ;putum specimens was graded 
at each follow-up surveyr by a tech lician trained in the method 
described by Miller and Jones (19(3). There were four grades: 

pure mucoid; Mg, suspicion ol pus; P^, pus less one-third 
of the sputum; and Pg, pus one-third or more of the sputum. These 
were scored respectively 2, 3, 5, and 10 on the basis of polymorph 
counts in a sample of such sputun-i spec imens (Miller and Jones 1963). 
The total score for each group of three specimens thus ranged from 
6 to 30. When less than three specinn. ns were returned by any man, 
the mean score multiplied by 3 was used. The distribution of 
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pui'ulence scores in the 4117 sets of sputum bottles containing at 
least one sputum specimen over the years 1962—8 is shown in Fig. 2.4- 
The peaks at scores of 6, 9, 15, and 30 correspond to groups of 



Fig. 2.4. Purulence distribution 

Distribution of purulence scores in non-empty sets of sputum bottles tgCi—8 (+i ly sets). 


specimens all with the same scores of 2 (M^), 3 (Mg), 5 (P^), or 
ID (Pg). A set of sputum specimens at any one survey with a score of 
9 or inore (at least one Pj specimen or three Mg specimens) was 
considered ‘purulent’ and a set of specimens with a score of less than 
9 was considered ‘mucoid’. (For the reasons discussed in section 
B.8 of the Appendixes, it would have been slightly preferable to 
have grouped everything other than ‘pure mucoid’ together as 
‘purulent’, but what w^as actually done was, if not absolutely optimal, 
at least valid.) Observer variation was small (Appendixes, section 
E- 3 .P- 233 )- 

In the regression analyses the quantitative index of sputum puru¬ 
lence for each man was the proportion of all the follow-up surveys 
attended from summer 1962 onwards at which he returned a purulent 
specimen, thus defined. A qualitative index dividing men into those 
who never produced a purulent specimen and those who produced 
at least one purulent specimen was also used. 

Haemophilus influenzae antibodies. The presence of these antibodies 
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was assessed at the fifteenth su^^ ey in 1968. The results have already 
been reported (May et al. 1973) 

Measurements of expectoration 

Sputum volume. At all the sum eys after the initial one, each man 
■was asked to provide three spe Hmens of the sputum he produced 
during the first hour in the n orning. This was done because it 
was found that the mean volui ie of three specimens collected on 
successive days provided a mt re accurate estimate of the mean 
volume of 10 specimens taken < n successive days than did a single 
specimen, but that there was litile increavSe in accuracy if more than 
three specimens were obtained {Miller ei al. 1965). At surveys 2-5, 
specimens were obtained on s jccessive days, but at subsequent 
surveys they w-ere collected on the same day in three successive 
weeks. The volume of each spet imen was measured as at the initial 
survey: the mean volume of each group of specimens was used for 
the analysis. 

Indices of sputum volume. A confcquence of the decline in recorded 
sputum volume which took ph cc in the earlier part of the stiuly 
(Table 4.4 and Fig. 4.5, p. 61) vas an association between cliange.s 
in mean sputum volume and ttendance pattern, for a man who 
attended the first three surveys bi it missed several later surveys would 
tend to have a larger mean sj utum volume than a man witli a 
similar degree of mucus hy-pet secretion who had attended e\ ery 
survey. Simple regressions of sp itum volume would also be affected 
by attendance pattern. A probit transformation w*as therefore used 
(Appendixes, section B.8). Mean sputum probits and regres.sions of 
sputum probits on time were cj Iculated for each man. (In addition 
to removing associations witli attendance patterns, this trans¬ 
formation produces deviations aoout regression lines which ha\ c an 
approximately normal distribution.) Mean sputum ^ olumes and their 
regression on time were also used. 

Questions on phlegm production, .tt every summer survey, each man 
was asked the following standard .]uestions about phlegm production. 
(The numbers are those given to the corresponding questions in 
the Medical Research Council (i )66<7) Questionnaire on Respiratory 
Symptoms.) 

6. Did you usually bring up phlegm from your chest first thing 
in the morning last wintei ? 

8. Did you usually bring up phlegm from your chest during the 
day last wdnter ? 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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Table 2.5, Scoring the phlegm questionnaire replies 

Relationship between answers to the phlegm questionnaire at summer surveys from 1962 to 1969 and the return of sputum specimens, sputum 
volume, and FEV at those surveys 


Question 6 
(morning 
phlegm) 

Question 8 
(daytime 
phlegm) 

Question 10 
(3-month 
phlegm) 

No* 

Returned 

of bottles 

Not 

returned 

Non-empty 
bottles as 
percentage 
of returned 

Mean sputum volume (ml) 

In returned In non-empty 
.buttles ^ bottles 

Mean 

FEV 

Gitres) 

Score 

No 

No 

No 

3206 

427 {u'8%) 

13-3 

Q-20 

2-15 

3-24 

0 

Yes 

No 

No 

458 

54 (n 7 "o) 

55'4 

r 23 

2 ' 3 I 

273 

2 

No 

Yes 

No 

333 

43 (ti- 3 /b) 

24-4 

0-40 

J'8s 

3-08 

I 

1 Yes 

Yes 

No 

ZZQ 

22 ( 9 'l“c) 

56-8 

1-54 

279 

277 

3 

Yes 

No 

Yes 

690 

64 (S' 5 %) 

79-1 

2-1 8 

278 

2’84 

2 

No 

Yes 

Yes 

140 

14 ( 9 -i”o) 

46-4 

074 

170 

374 

z 

Yes 

Yes 

Yes 

801 

8i i 9 - 2 %) 

87-8 

3-02 

3'45 

2'67 

4 

1 

All men 


5803 

705 (io-8"u) 

37-5 

0-97 

276 

3-07 

— 
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Evidence of mucus hypersecretion derived from standard questions 
on phlegm production is only crudely quantitative and suffers from 
errors due to misunderstanding of the questions and from failure 
of recollection. Since it was found in the analysis cjf the follow-up 
results (Fletcher et aL 1974; Appendixes, section B.8) that the 
answers to questions about phlegm were better predictors of mean 
FEV than were measurements of sputum volume, these answers 
provide at least as good an index of the presence or absence of 
mucus hypersecretion. They are certainly easier to obtain and are 
free from missing values due to failure to return sputum bottles. 

Recordhig of smokijig habits y 

Each man’s current smoking habits were recorded at each summer 
survey. At the ninth surveys questionnaire (Appentlixes, section A.5) 
about lifetime smoking habits was completed by the 821 men who 
attended. For different purposes in different analyses, the men were 
divided into ^’ariotIS groups on the basis of their smoking habits 
during the course of the .study (Appendixes, section 13 . 8 ). 'fhe chief 
point to note is that whenever we talk of //^//-smokers, we mean 
lifelong non-smokers. 

We also calculated the average reported cigarette consumption, 
and the rate of change of cigarette consumption as the regression 
on calendar year of the daily cigarette consumption rates reported 
at the Summer surveys (Appendixes, section B.4). For men who 
alwayvS smoked some cigarettes, we calculated the mean, o\ er all 
summer surveys attended, of the proportions (scoring the answers to 
part V on p. 158 o, i, or i) of their cigarettes which were said 
to be filter-tipped and their rate of change of filter-tip usage (the 
regression on calendar year of these proportions). 

Personal and family history of allergy ^ 

Questionnaires. In the original design of the study, no provision was 
made for investigation of allergy, apart from questions about a 
personal and family history of aatlima and hay ftu'er asked at the 
initial survey in 1961 (Appendixes, section A.3). In 1965, Professor 
J, Pepys asked if he might look for evidence of allergy in the 
men in our sample, most of whom were quite healthy. For this 
purpose, a standardized questionnaire on allergy was devised 
(Appendixes, section A,6) and applied to the 219 men at the Post 
Office Savings Bank at the tenth survey in January 1966. The 
allergy questionnaire was also applied to the 496 men at the London 
Transport Workshops who attended the summer survey of 1967. A 
‘family history’ variable was extracted, being negative (o) for no 
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mention of eczema, urticaria, hay fever, or migraine in any first- 
degree relative, and positive (i) otherwise. 

Questions on asthma were asked at the initial survey in 1961 
(Appendixes, section A.3, question 52) and at a later surv^ey as part 
of the allergy questionnaire (section A.6, question 6). There were 
considerable discrepancies between the replies given at these two 
surveys by the men who attended both. We therefore decided to 
look at all the available evidence on the men in the Follow-Up 
Group who said that they had astlmia on either occasion. We 
concluded that 17 of them had clinical asthma during the course 
of the study. The (rather unsatisfactory) grounds for this diagnosis 
are given in section E.2 of the Appendixes, 

Sputum eosinophiiia 

This was assessed by the technique of Mulder (1956) in which wet 
smears stained with eosin are placed into four grades according to the 
proportion of eosinophil cells (Miller and Jones 1963). Assessments 
of sputum eosinophiiia were made on all sputum specimens returned 
at the second, seventh, and ninth surveys. The maximum grade of 
the nine (or fewer) specimens available was used in the regression 
analyses. 

Other studies 

Childhood illnesses. At the fifth survey, in 1963, a special question¬ 
naire (Appendixes, section A.7) on childhood illnesses was applied 
to non-smokers who produced sputum and to age-matched groups 
of cigarette smokers who did and who did not produce sputum 
(Fletcher 1965). At the thirteenth survey in 1967, the same question¬ 
naire was applied to all the.men who attended. Only the answers to 
these questions in 1967 w^ere used in the multiple regression analysis, 
scoring o for a negativ'e and 1 for a positive history before the age 
of 15 separately for each disease. 

Chest X-rays. At the thirteenth survey in 1967, full-sized postero- 
anterior and lateral chest X-rays were taken of 568 of the men who 
were still attending the main centres. A mobile unit provided by 
the Medical Research Council’s Pneumoconiosis Research Unit was 
used. Some of the men who had moved employment since the be¬ 
ginning of the study came to Hammersmith Hospital for their X-rays. 
These X-rays were read by Dr. G. Simon and classified into three 
categories: o—no definite emphysema; i—definite localized emphy¬ 
sema; and z —definite generalized emphysema. These scores were 
used in the regression analyses. Uie methods and reliability of these 
X-ray readings are described and discussed in Appendix D. 

S£00£9£903 i 
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Skinfold thickness. At the thirteenth survey, in 1967, following a 
report of reduced skinfold thickness in men with airflow obstruction 
(Smith et al. 1967), the men who attended that survey had measure¬ 
ments made of skinfold thickness on the backs of their hands. 

Measurements not analysed in this book. In the course of the study 
various subsidiary investigations were carried out, the results of which 
were not used in the follow-up analysis. In 1962, Dr. D. L. Miller 
carried out a study of the bacterial flora of the upper respiratory 
tract and sputum on a sample of the men at the Uondon Transport 
Workshops (Miller and Jones 1964). In 1965, Dr. A. Levin in¬ 
vestigated heart-rate changes after the Valsalva manoeu^■re on men 
at the Post Office Savings Bank {Levin 1966), and in 1966 dietary 
histories were taken from men at London Transport Workshops as 
part of a study of the relationship of sugar intake to coronary heart 
disease (Medical Research Council 1970). Measurements of blood- 
pressure (Rose et al. 1964) were made at each of the summer surveys 
from 1961 to 1966, and electrocardiograms were recorded at the 
1961, 1963, and 1965 surveys (Armitage et al. 1966; Prineas et al. 
1968; Rose, 1971). Questions on angina were also asked at these 
surveys (Rose 1968). 

Questions about whether the men slept with their bedroom 
windows open were asked because it had been suggested that the 
high prevalence of disabling bronchitis in the United Kingdom might 
be due to the tendency of many British people to sleep with their 
bedroom windows open in all weathers (Fletcher 1959). Twenty-two 
per cent of men said that they always had their bedroom windows 
open, and a further 44 per cent kept them open except in foggy 
weather. Since few' men would have had central heating, two-thirds 
of them must have had cold bedrooms in winter, although for the 
most part they shut out winter fog. We have made no further use 
of the replies to these questions. 

Data processing 

A file was kept for each mdn into which the results were placed in 
sequential order. After each surv^ey had been completed, the data 
for each man w'ere coded in numerical form and entered onto a 
record card. These cards were used for preliminary analyses carried 
out in the course of the study. The data were also entered onto 
a transcription sheet and punched onto live-hole (later seven-hole) 
paper tape. The data on the paper tape were printed out and checked 
against the original survey records. They were then further checked 
by the computer for acceptability of range and some residual errors 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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were corrected. Finally the corrected data were transferred to Atlas 
magnetic tape. Additional paper tapes were made for some of the 
special studies. The statistical handling of the data is described in 
Appendix B, 
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3 The initial survey 


Summary 

The hypotheses studied in Chapters 5—7 were derived from cross- 
sectional surveys. Treating the initial (ig6i) survey in our study as a 
cross-sectional survey, we find that the mean FEV level and the 
prevalences of current smoking, persistent phlegm, recent chest 
illnesses, and dyspnoea are comparable with those reported in other 
cro.ss-sectional surveys, and that the expected correlations of these 
factors with each other and with age and FEV are also present. This 
is true both in the total co-operative population from which our 
random sample was drawn, and in the Follow-Up Group who 
eventually attended for most of the eight years of the study. Our 
methods and study population are therefore fairl}' ordinary, and our 
inferences in Chapters 5—7 about the absence of certain causal connec¬ 
tions are thus a valid extension of the cross-sectional studies which 
originally gave rise to the various postulates about causality which 
this study was designed to test. The sole purpose of the 1961 data 
presented in this chapter is to characterize the population being 
studied; in view of the extent of the data presented in later chapters, 
no epidemiological interpretation of the 1961 data has been 
attempted. 

Comparability with other surveys 

Previous ‘cross-sectional’ surveys (i.e. surveys done at one particular 
time) had generated various hypotheses about the causal relation¬ 
ships that might exist between mucus hypersecretion, chest infec¬ 
tions, smoking, and flow' obstruction (Chapter i). The data we 
collected between 1961 and 1959 fail to confirm some of these 
hypotheses, and it may therefore be wondered whether some 
peculiarity, either of our methodology or of our study population, 
somehow invalidates our conclusions. 

If viewed in isolation from the subsequent findings, the initial 
(1961) survey is itself a substantial cross-sectional survey, free of the 
training effects that may have affected data collected at subsequent 
surveys. The findings at the initial survey should, therefore, be 
broadly comparable with the findings at other sucii sum eys. To show 
that this is so, we have tabulated the prevalences of various factors 
that we would have found had our 1961 sample been a purely random 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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Table 3.2. 1961 characteristics of the Follow-Up Group compared with other groups of employed men 


Reference 

Place of work and 
occupation of 
men studied 

Number 

of 

men 

Ages 

Mean 

height 

(cm) 

Mean 

FEV 

(litres) 

Current Persistent 
smokers cough 
(per cent) (per cent) 

Recent Dyspnoea 
Persistent chest grades 

phlegm illness 3 or 4 

(per cent) (per cent) (per cent) 

Fletcher et al. (this study) 

London, England: 
engineering and clerical 
(Follow-Up Group) 

792 

30-50 

171-8 

322 

70 

38 

38 

25 

6 

Fletcher et al. (1939) 

London, England: postmen 

192 

40-59 

— 

3-13 

86 

30 

39 

39 

9 

Holland and Reid (1965) 

London, England: van 
drivers/engineers 

2R0 

ao-co 

_ 

l"ir 

80 

TC 

rn 

try 

n 

Holland and Reid (1965; 

Country towns, England; 
van drivers/engineers 

426 

40-59 

_ 

2-76 

75 

36 

30 

*3 

3 

Sharp ef al. (1965) 

Chicago, USA; light 
industry 

1887 

43-58 

_ 

3 ' 0 i 

69 

19 

20 

10 

4 

Holland et al. (1965) 

USA East Coast; telephone 
men 

635 

40-59 

__ 

350 

72. 

31 

32 

22 

_ _ 

Densen ef al. (1967, 1969) 

New York, USA: postal and 
transit workers 

9442 

All ages 

_ 

3-15 

81 

19 

23 

17 

2 

Mork (1962) 

Bergen, Norway; transport 
workers 

189 

40-59 

_ 

3 03 t 

84 

33 

24 

15 

4 

Khosla and Lowe {1972) 

Ebbw Vale and Port Talbot, 
South Wales: steel workers 

5117 

30-59 

170-7 

3*11 

72 

40 

29 

18 

16 



8651 

30-59 

1720 

3-39 

63 

34 

26 

17 

10 


t FEV estimated from mean peak expiratory flow by regression equation of Fairbairn et al. (1962). 


\t 4 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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Table 3 . 3 . 1961 characteristics of the Follow-Up Group compared with those reported in general 

population samples 






V- 





Recent 

Dyspnoea 

' - ■ ■ 



Number 


Mean 

Mean 

Current 

pecsistent 

Persistent 

chest 

grade 




of 


height 

FE\’ 

smokers 

cough 

phlegm 

illness 

3 or 4 


Reftfrenci 

Place 

men 

Ages 

(Cnl) 

(HeteS) 

(per cent) 

(per cent) 

(per cent) 

(percent) (percent) 

•Notes 

Fletgher ft ttl. {this swd>) 

London, England 

792 

3'3-59 

171-8 

3-22 

7P 

' ''38 

* 38 


6 


Higgins and Cochrane (i^6i) 

Rhondda Fach, Wales 
(non-miners) 

176 

35-54 

1 69’9 

3-10 

73 

36 

32 

>3 

S 


Ferris and .\nderson { 1962 ) 

Berlin, New 
Hampshire, USA 

349 

35-64 

170-4 

Z-7I 

64 

37 

33 

7 

3 

Half the men were 
over 55 years old 

Payne and Kjdsberg(i 964 ) 

Tecumseh, USA 

t454 

30-59 

173-8 

3-13 

63 

48 


I 1 


Cigarette smokers; 
ignoring other 
tobacco 

Anderson et ill. ( 1965 ) 

Chilliwack, Canada 

I 6 I 

35-64 

— 

3-22 

49 

ZT 

26 

4 

S 


Huhti ( 1965 ) 

Haijavatta, Finland 

653 

4 C 3 —64 

170-9 

3-3 f 

60 

25 

30 

>4 

12 


Cullen ef al. 11969 ) 

Bussekon, Western 
Australia 

942 

30-59 

184-9 

3-76 

54 

9 

8 

5 

1 

Height given in 
personal 












conununicacion 

Van der Lende ( 1969 ) 

Meppel, Holland 

1709 

40-60 

176-2 

3-08 

So 

21 

15 

— - 

5 


Van der Lende ( 1969 ) 

Vlagtwedde, Holland 

902 

40-60 

172-3 

3-05 

8 + 

23 

t4 

9 

7 


Van der Lende ( 1969 ) 

Vlaardingcn, Holland 

508 

40-60 

173-9 

3-24 

74 

31 

27 

13 

6 

Only 14 per cent of 
men were over 55 

Sawicki ( 197 J) 

Crficow, Poland 

909 

30-59 

170-0 

3'79 

63 

24 

29 

18 

7' 
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Table 3.5. Height in this and in other series 

Mean standing height (cm, without shoes) in total co-operative population, initial survey, 1961, and in four other British working populations 
(Khosla and Lowe 1968) 


Reference 

Population studied 

30-34 

35-39 

Age 

40—44 

45-49 

50-54 

55-59 

Fletcher et ill. (this stu dy) 

Estimate for total co-operative population 

I 75'5 

172-3 

173-2 

171-9 

170-2 

169-0 

Lowe et al. (196S) 

10863 tnen employed by steel company 

1740 

173-0 

172-0 

171-2 

170-4 

169-9 

Lowe and \IcKeo\vn (1963) 

5359 men employed in electrical engineering 

I 73‘5 

172'7 

r72-o 

171-2 

I 70'2 

169-4 

Kenisley (1950) 

37515 men employed in various industries 

169-4 

i69'2 

167-9 

167-4 

166-9 

166-6 

Cathcart el al. (1935) 

to 590 men employed in various industries 

169-7 

169-4 

i 65-7 

168-4 

167-9 

166-9 




o 


c?* 




JS 

a 

ft. 
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3 
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Table 3.6. Percentage distribution of smoking habits by age at initial survey, X961 


Smoking habits 

UK 1961 
men aged 

35-59 

Estimate 
for total 
co-operative 
population 

Stratified 
sample 
(1136 men) 


Follow-Up Group 


Lapses as 
percentage of 
stratified 
sample 

Age 30-39 
(161 men) 

Age 40-49 
(319 men) 

Age 50-59 
(312 men) 

All ages 
(792 men) 

Non-smokers 

9 

9-8 

12-4 

21*1 

14-7 

7-7 

13-3 

26 

Ex-smokers 

16 

16-7 

15-^ 

t 5‘5 

13-5 

20-8 

16-8 

23 

Pipe/cigar smokers 

5 

S -8 . 

5 - 2 - 

5-6 

6-3 

4-8 

5-6 

25 

Cigarette smokers (with mean 

1 69 

67-7 

67-2 

57-8 

65-5 

66-7 

64-4 

33 

daily consumption) 

(13-2) 

{14-3) 

(15-0) 

(15-3) 

(14-6) 

(i6-o) 

(i 5 ' 3 ) 
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Table 3.7. Percentage distribution of chronic phlegm and of chronic cough by age at initial survey, 1961 



Estimate, 
for total 
co-operative 
population 

Stratified 
s-ample 
(1136 men) 


Follow-Up Group 


Lapses as 

qs. 

to 

Grade of cough or grade of phlegm 

Age 30-39 
(161 men) 

Age 40-49 
(319 men) 

Age 50-59 
(312 men) 

All ages 
(792 men) 

\j ercertta^te of 
stratified 
sample 

No cough 

(No Co questions i and 3) 

59'^ 

48-2 

58-4 

48-6 

44'2 

48‘g 

■ 29 

1 

Infrequent cough 

(Yes CO questions i or 3, no to question 5) 

U'5 

12-9 

14'9 

lo-o 

16-0 

t3-4 

27 


Persistent cough pare day 

(Yes to question 5, no to questions i or 3) 

II'O 

12-6 

9-3 

i6‘0 

13-8 

13-8 

Z4 

Cr- 

0 

a 

Persistent cough all day 

16-3 

26-3 

17-+ 

25-4 

26-0 

24-0 

3^ 


No phlegm 

(No to questions 6 and 8) 

59.-7 

46'0 

54'7 

47'6 

45-2 

48’ I 

27 

r-k' 

* 

Q 

Infrequent phlegm 

(No to question 10, yes to questions 6 or 8) 

13-8 

14-2 

i6-8 

12-2 

14-1 

13-9 

32 

s. 

2 

Persistent phlegm part day 

(Yes to question 10, no to questions 6 or 8) 

lO'Z 

12-9 

9-3 

I2'S 

i5’4 

13-0 

29 

3 

Persistent phlegm all day 

16-4 

27'0 

i9’3 

27-6 

25-3 

25-0 

36 

'r; 

Os 


a 


Table 3.8. Percentage distribution of sputum volume by age at initial survey, 1961 



Estimate for total co- 

-operative population 

Stratified 
sample 
(1136 men) 


Follow-Up Group 


Lapses as 


Sputum volume (mi) 

Age 

3'>-39 

Age 

40-49 

Age 

50-59 

Total 

Age 30-39 
(161 men) 

Age 40-49 
(319 men) 

Age 50-59 
(312 men) 

Total 
(792 men) 

stratified 

sample 


0 

63-3 

62*8 

59-2 

61-4 

51-8 

59*6 

580 

494 

54'9 

26 


0*1—1*9 

i8'0 

13-8 

1 1*1 

13-5 

15-2 

17-4 

157 

151 

15*8 



2-0—4'9 

3‘4 

lO-O 

6-2 

7-2 

8-9 

6'z 

ll'O 

7*7 

8-7 

32 


S'0 + 

8*9 

10*0 

i 8*9 

13-3 

20-2 

14-3 

12*9 

24'0 

17*6 

39 


Bottle not return Od 
Mean scutum volume 

6*4 

3‘4 

4-6 

4*5 

4*0 

^'S 

2'5 

3-8 

3-0 

47 

n 

n 

in returned bottles 

fO 

I-I 

1*7 

1*4 

1*9 

I'S 

1*3 

ZI 

1-6 

“ 



Table 3.9. Percentage distribution of chest illnesses at initial survey, 1961 o 


Estimate for total 

Stratified 

Follow-Up 

Lapses as 


co-operative 

sample 

Group 

percentage of 


population 

(1136 men) 

(792 men) 

stratified sample 



No chest illnesses involving a tveek off work 


in past 3 years 

r All without 

84-0 

72-5 

74-9 

28 

One or more such 
chest illnesses in J 

increased phlegm 

One or more with 

6-7 

9-9 

9-0 

37 

past 3 vears . , 

increased phlegm 

One or more periods of increased cough 

9-3 

17-6 

i6'2 

36 

and phlegm lasting 3 weeks or more 

17*0 

25*2 

23-2 

36 


during past 3 years 


iaote 3.10. Perceniage aisinounon oi oreainiessness oy age at initial survey, 1901 


Estimate for total co-operative population Follow-Up Group Lapses as 

- Stratified - ---- -—--——percentage of 


Breathlessness grade 

Age 

30-39 

Age 

40-49 

Age 

30-59 

Total 

sample 
(c 136 men) 

.\ge 30-39 
(161 men) 

Age 40-49 
(319 men) 

Age 50-59 
(312 men) 

Total 
(792 men) 

stratified 

sample 


i. No breathlessness 

90 ^ 1 

79*5 

92*5 

74-3 

660 

8 s-i 

72*1 

<i 2*2 

70*8 

25 

S' 

2. Breathless hurrying 
on Ie\ el or walking 

87 

i7'i 

27-1 

19*7 

252 

13-7 

21*9 

28*8 

23*0 

36 


up a slight hill 

3. Breathless walking 
on level 

I 0 

3 3 

8-4 

50 

7'3 

I *2 

5*6 

7*7 

56 

47 

1 

4. Unable to continue 
on level 

0*2 

O’I 

0-8 

0-4 

I 0 

0 

0*3 

o’6 

0-4 

73 


Disabled by other 
disease 

00 

00 

1-3 

0-5 

0'5 

0 

0 

0*6 

0*3 

67 














Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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Table s.xx. FEVt by age at initial snrvey, 1961 


Age 

Estimate for 
total co-operative 
population 

Stratified sample 
(mean i;S.D.) 

FoUow-Up Group 
(mean +S.D.) 

Lapses 

(mean +S.D.) 

30-34 

3-91 

3'80 ±0-71 

3'93 ±0-68 

3-58 ±0'7z 

35-39 

3*68 

3’64 ±0-62 

3'63 ±o-6o 

3-67 ±0-70 

40-44 

3-58 

3-45 ±o'7i 

3-50 ±0-58 

3-32 +0'8o 

45-49 

3'4i 

314 ±o-6o 

3*20 ±0-58 

2-98 +o'6o 

50-54 

2'99 

2'93 +o '67 

2-99 +0-59 

2'77 ±o'82 

SS-S9 

2'6i 

2‘5S ±0-69 

2 67 +0-62 

2-37 ±0-75 

All ages 

341 

3<i2 +0*78 

3-22 +0'72 

2-91 ±087 


t Maximum of last three of five readings (BTPS). 



I —I . r ‘ " I --— I -) " I 

30-34 35-39 40-44 45-49 50-54 55-59 


Age (years) 

Fig. 3.r. FEV by age 

Mean FEV at the initial survey, 1961 by age in total co-operative population, Follow-Up 
Group and Lapses. 


Values for the Lapses tended to be lower. The explanation of the 
almost identical standard deviations of the means in each age group 
is considered in section B.9 of the Appendixes. 

Regression of FEV on age and height (Table 3.12; Fig. 3.2), 
Regression coefficients of FEV on age were similar in the total co¬ 
operative population, the Follow-Up Group, and the Lapses. The 


Table 3.12. Regression of FEV on height and 
age, initial survey, 1961 


h = (height in metres — i'7) 
a ~ (ago in years — 50) 

Stratified sample 
(1136 men) 

FEV = 2'93+0'6i + 3-8A — 0'046<7 

Follow-Up Group 
(792 men) 

FEV =; 3-oi±o-56-l-3'6/r~o-046rt 

Lapses 
(344 men) 

FEV =5 2-70+ 0-63 +4*7/1 —o-0420 

Non-smokers 
(141 men) 

FEV = 3*28±o*53 + 3*8A — o*o26« 

Cigarette smokers 
{763 men) 

FEV = 2*87i;o*6i-1-3*5 ^—o* 048<7 

Asymptomatict 

(no men : sample group 3) 

FEV = 3’Oi ±0*59-1-3’8A — 0*0370 

f Symptomatict 

(479 men; sample group i) 

FEV = 2*76+0*63-1-3*4/1 —0*0500 

Cotes et al, (1966) 

FEV = 3*19 + 0*50 + 3*6A—0*031(? 


t These regressions may be misleading; see text. 



Age (years) 


Fig. 3.2. FEV by age given height. 

Relationship with age in the regression of FEV on ,ige and height at the initial survey, tgbi, 
in various subgroups of men (from Table 3.12). The symptotnatic and asymptomatic lines 
may be misleading; see text. 

regression coefficients on age were steeper in the smokers than in the 
non-smokers, and steeper in the symptoniatic than in the asympto¬ 
matic men. (This latter comparison is included for comparability 
with other studies, but must be interpreted with caution since men 


6BQ0t9B90Z 


Source: https://www.industry(jocuments.ucsf.edu/docs/kgnx0000 
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Table 3.13. Percentage distribution of standardized SFEVt, initial 

survey, 1961 


- 

Estimate for 

Stratified 


tjapses as 


total co-operative 

sample 

Follow-Up Oroup 

percentage of 

SFEV (litres) 

population 

(1136 men) 

(792 men) 

stratified sample 

<2 

4-8 

7 ' I 

4-8 

S 3 

2-0 — 

g.7 

11-8 

io'7 

37 

2 - 5 - 

27- T 

27-8 

26-0 

35 

3 - 0 - 


33'3 

37-0 

22 

3 ' 5 - 

19-s 

17-3 

i8-8 

24 

4-0 + 

3-3 

2^6 

2-7 

30 

All men 

I 00-0 

lOC'O 

lOO'O 

30 

Mean SFE\' 

3-07 

2-98 

3-05 

—“ 


fMaximum of hist three of five readin|is + 0-031 (j—3-62/7 (sec Table 3.12). 


may become symptomatic as they age, and change from one line to the 
other.) The regression coefficients on height were similar in all groups 
except for a slightly higher value in the Lapses. These regression 
coefficients arc close to these reported for men by various other 
observers and summarized by Ctjtcs el al. (1966). 

Slundardizalion of hit V for r/gt? and heiffhl. To standartlize f h/V 
values of smokers and non-smokers by their own regression coeffi¬ 
cients would obscure real differences between these groups, ddie 
equation of Cotes ei al. (1966), derived from a number of independent 
studies of healthy Caucasian men (Table 3.12), was used to 
standardize each man’s FEV to age 50 and height 170 cm. The regres¬ 
sion coefficient on height in this equation is identical to that in the 
Follow-Up Group, The age regression, intermediate between the 
healthy smokers and the non-smokers in the stratified sample, is 
rather smaller than in the Follow-Up Group which included men 
with symptoms. The FEV values used for standardization were the 
maximum of the last three of the five readings recorded in 1961 
(Appendixes, section B.i), uncorrected in any w'ay; these stan¬ 
dardized FEV values are referred to as SFEV, 

Frequency distribution of SFEV (Table 3.13). The difference 
between our study of employed men and a clinical series of patients 
is emphasized by the scarcity of Sb'EV values below two litres. 


Interrelationships of the main components of the bronchitis syndrome 
with snufkinf^ habits and with each other 

Smoking habits and sputum production (Table 3.14). As would be 
expected, sputum production depended very strongly on smoking 
habits. (Men not returning bottles are omitted.) 


01 ^ 0089^902 
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Table 3.14. Expectoration by smoking habits, initial survey, 1961 



Estimate for total co- 

•operative population 


Smoking habits 

I’ercentage of men 
with sputum 
±S.E. 

Mean sputum 
volume (ml) 
±S.E. 


Non-smokers 

Ex-smokers 

Pipe/cigar smokers 

All cigarette smokers 

t 4±4 

a 6±4 

264- 8 

0-3±0-2 

o- 8 ±o ’3 

i-i±o-S 

I’711: 0-2 




Follow-Up Group 



Percentage of men 
with sputum 
-± S.E. 

Mean sputum 
volume (ml) 

±S.E, 

Number of men 
who returned a 
spiitunt bottle 

Non-smokers 

Ex-smokers 

Pipc/cigsir smokers 

All cigarette sniokcrs 

i 6±4 

34±4 

3 V.-fc 7 

52 -t 2 

0-5 + 0-2 

I -1 +0-3 

13 dto-4 

3-0 4 - 0-2 

104 

128 

44 

492 


Smohhify habits and SFEV (’I'lible 3.15; lug. 3.3). Mean SEIvV was 
highest in the non-smokers, intermediate in ex-smokers and pipe 
and cigar smokers, and lowest in the cigarette smokers. Among the 
lattei, the lowest mean value, especially in the total co-operative 
population, w'asin the small group who smoked less than 5 cigarettes/ 
day, but there was a steady downward trend of mean SFEV with 
increasing consumption among the rest of the smokers. The relation¬ 
ship between FEV and smoking is discussed in more detail in 
Chapter 5. 

Sputum production, smoking habits, and chest illnesses (Table 3.16). 
The interest of this table is that it is so misleading. Although, in 
common with the results of other prevalence survey^s, it appears to 
demonstrate that, among those without mucus hypersecretion, there 
is still a relationship between smoking and chest illnesses, it is con¬ 
cluded in Chapter 6 that this apparent relationship is probably a 
statistical artefact arising because sputum volume is such an in¬ 
accurate index of mucus hypersecretion. This artefact is explained 
in more detail below. 

Sputum production, chest illnesses, and low SFEJ^ (Table 3.17; Fig. 
3.4)- I be interrelationships between those three components of 
chronic non-specific lung disease are similar to those described in 
previous cross-sectional surveys (Fletcher et al. 1959; Fletcher and 
Tinker 1961), showing a steady decline of SFEV with increasing 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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Table 3.16. Chest illnesses by smoking and expectoration 

Frequency of reporting chest illnesses (with increase of phlegm) in relation to 1961 smoking habits and sputum volume 


Estimate for total co-operative population 


Follow-Up Group 


Non-and 


All men 
tncindinir nine 


Non-and 


All men 
including nine 


Sputum volume (ml) (percentage ±S.E.) (percentage + S.E.) (percentage +S.E.) (percentage ±S.E.) {percentage +S.E.) (percentage ±S.E.) 


0 

3 ±2 

8 ±2 

6 ±2 

6 ±2 

15+2 

11 ±2 

0-I-1-9 

II ±8 

n ±3 

11 +4 

23 ±8 

19 +4 

19 ±4 

2 - 4-9 

8 ± 10 

12 +6 

t 2 ±5 

14 ±9 

21 ±6 

20 ±5 

5 or more 

Ail men, including those 
who returned no sputum 

30 ±13 

19 +4 

ig ±4 

33 ± 12 . 

26+4 

26 ±4 

buttle 

6 ±z 

f 1 ±z 

9 ± I 

It +2 

19 ±2 

i6 + I 


- 1 ^ 

'O 


Source: https://www.in(justry(jocuments.ucsf.e(ju/docs/kgnxOOOO 
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Table 3.17. SFEV (see Table 3.13) by 1961 sputum volumet and 
history of chest illness 


Sputum volume 
(ml) 

Chevsr illi'tcsjtcs 
with increased 
phlegm in past 

3 years 

Mean standiirdized FRV 

Estimate for total 
co-operative population 

Follow-Up Group 
(No. of men) 

0 

None 

3 -t 7 

3-17 (386) 


One or more 

2‘gi 

2’99 (49) 

o'r- 1'9 

None 

2-99 

3-04 (t 01) 


One or more 

2*87 

2-91 (24) 

2 -o- 4'9 

None 

3-08 

3 'oh (.S,?) 


One or more 

2-49 

277 (14) 

5-0-t- 

None 

279 

2-84(103) 


One or more 

2'66 

2-67 (36) 

All men 

None 

3-09 

3-09 (645) 


One or more 

3-79 

2-86(123) 


t Excluding men who did not return their sputum bottle. 



*^11-3 'The j}}i^ffsurTey 5 a 

and hence with each other. Because of this, the correlation between 
SFEV and chest illnesses, :Uiou'n in Table 3.17, is only slif»htly ^^■eaker 
within each sputum volume group than in all men. '^Phis gives a fal.se 
impression that this correl ition is independent of a common associa¬ 
tion with mucus hypersec etion. 

Our analysis of the 19O1 initial survey has convinced us that the 
Follow-Up Group of men were suitable for a study of the patho¬ 
genetic interrelationship.'^ of smoking, chest infections, airflow 
obstruction, and mucus hypersecretion, and that the observations 
made on them are likely to be of general relevance (see also Chapter 7). 



0 -2 -5 54 

Sputum vx)lume (ml) 


Fig* 3*4* SFEV by sputum and illness j 

SFEV at the initial survey, 1961 by sputum volume and chest illnesses in the Follow-Up 1 

Group. j 

j 

mucus hypersecretion that, within a group of men whose 196 1 sputum 
volumes (which were only recorded to the nearest millilitre) were all 
the same, there would be quite a variety of levels of chronic mucus 
hypersecretion. Within such a group of men, SFEV and chest ill¬ 
nesses will both be correlated with chronic mucus hypersecretion, 

^1700e9890^ 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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Secular patterns of results 
during 1961 to 1969 


Summary 

We describe the survey-by-survey mean values recorded among 
members of the Follow-Up Group for smoking and for the three 
main components of chronic non-specific lung disease. It is usually 
difficult to distinguish between real trends and trends due to initial 
lack of experience with the test on the part of either the subjects or 
the observers. 

FEV declined irregularly, being generally slightly lower in the 
winter than in the summer. The initial lack of training and the eff ects 
of the cold winter in 1962-3 appear to have depressed the earlier FEV 
values, making the overall rate of change of FEV appear to be only 
— 30 ml/year instead of about — 45 ml/year. The distribution of FEV 
slopes about their mean had a small hail’ of very steep slopes. Smoking 
habits decreased by about 10 per cent after the first survey, and there¬ 
after remained fairly constant. Recorded mucus hypersecretion 
decreased slightly during the first few years but was fairly constant 
thereafter, except for winter—summer fluctuations; we tentatively 
conclude that this initial decrease was real. Chest episodes were much 
more commonly reported in winter than in summer, but were other¬ 
wise reassuringly constant in frequency throughout the study, in 
parallel with a constant frequency of spells of sickness absence in 
the general population, Purulence frequency behaved erratically, 
possibly owing to observer variation. 


General considerations underlying the study of changes 
during 1961 to 1969 

When a measurement is made repeatedly, either by questionnaire or 
otherwise, the standards of response may vary owing to learning 
effects on the part of the subject or due to changes in the methods 
used by the observer. In addition to these inevitable biases, there are 
two further difficulties which are peculiar to our study. 

First, although every man, whether in the Follow-Up Group or 


Secular pattertis of lesults during ig 6 i 

among the Lapses, attended the initial survey (for it 
attendance at the initial survey that the study popuh 
defined), between 100 and 5 ck> mm (Fig. 2.1, p. 17) wc 
from each subsequent survey. Th: probability of absence ^ 
particular survey might be different among symptomatic men from 
the probability of absence among as mptomatic men and, if this is so, 
the changes in mean symptom freciuency between different surveys 
will be biased by these selective al sences. This bias can be largely 
overcome by ignoring the Lapses i nd studying the mean values of 
various quantities at each survey imong those of the Follow-Up 
Group who attended that survey. T his study of only the Follow-Up 
Group largely avoids biasing the pattern of changes by selective 
lapsing, and although slight biases c ue to selective sporadic absences 
could remain, they are unlikely to 1 e appreciable since so few of the 
Follow-Up Group were absent at ai y particular survey (see Fig. 2.1, 
p. 17). 

Secondly, our 1961 sample waj not random; it was biased in 
favour of men who then had ‘sympt ims’ (mainly mucus hypersecre¬ 
tion) and who were lifelong t\on-srlokers, As years pass by, mucus 
hypersecretion may come and go. In those with hypersecretion in 
1961, it can only stay or go. Changes in mucus iiypcrsecretion (or 
anything correlated with it) in a population such as ouns with an 
artificial excess of those who initial!} had hypersecretion will show an 
artificial excess of remissions by th s process of 'regression towards 
the mean’. To avoid this, we have had to correct for the 1961 
stratification by using our observadons in the Follow-Up Group 
during 1961-9 to estimate (Appendixes, section 6,7) the mean values 
of each factor which would have reen observed in a Follow-Up 
Group derived from a purely rando n initial sample. .This is what is 
done in each subsequent Figure f r Table in this chapter which 
describes changes in mean values survey by survey. The importance 
of doing this is illustrated in Fig. 4.1, which gives the percentages 
of non-empty sputum bottles survey by survey in the Follow-Up 
Group among those who did and who did not admit to sputum 
production in 1961, and among ah men. Although there is some 
decline during the first two years a nong ‘all men’, the significance 
of which will be discussed below, there is a much more marked 
decline during the first two years it the initially symptomatic men, 
which may be attributable in part ti regression to the mean. 

Forced expiratory volume in on second (FEV) 

We expected that mean FEV value; would decline at a steady rate. 
This expectation was not fulfilled. '^1 he observed pattern of change of 
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Year 

Fig. 4.1. Non-empty sputum bottles 1961-9 

l^c;rcc)itaf{t;s, torrt-tteJ ibr iy6i stratification, of non-empty acts of spiitujn bottles at each 
survey njnonK men in llic I'ollow-Up (jroup who attended that survey and rcjtiirned at least 
one bottle. ('I'hc S.l£. of each point is about 2-5. The initial survey, based on one bottle 
instead of three, gives values which are biased downwards.) 

FEV is best considered as it appeared in the 347 men who provided 
acceptable FEV readings at every survey, for this removes any distor¬ 
tion due to absence from one or more surveys of men -with lower 
values of FEV (Table 4. i; Fig. 2.3, p. 22). 

At the first four surveys there was a regular seasonal change in 
FEV, with higher values in the two summer surveys than in the 
winter sur\-eys. The second winter, 1962-3, was exceptionally cold, 
the minimum temperature remaining below o every day between 
December and March, During this period, there was a sharp drop in 
mean FEV. There was a further decline in the July 19^3 survey. As 
shown in Fig. 2.3 (p. 22), the rate of change of FEV during these 
first live surveys was — 82 ml/year. The decline then levelled oil, with 
little seasonal variation, until 1966, the rate of change during surveys 
6-11 being only -14 ml/year. After this, the decline was resumed 
with regular seasonal variation and a rate of change of FEV of 
- 26 ml/year. Over the whole study, the mean rate of change of FEV 
in the 347 men described in Fig. 2.3 (p. 22) was — 30 ml/year, which 
happened also to be the mean among the whole Follow-Up Group. 
The short-term irregularities in the overall mean rates of loss of FEV 
are so large that we cannot usefully speculate about whether the 


Table 4.1. FEV means and biases 1961—9 

Mean FEV survey by survey of 347 men wbo gave acceptable readings at every survey, with 
individual observer biases at each surveyt. These data are illustrated in Fig. 2.3 (p. 22). 


Survey 

Year 

Mean FEV (litres) 

Individual oliscrs'cr biRSost 
(nil) 

r 

ig6i 

3'339 

+ 18, -f 14, —44 

2 

1961—2 

3-276 

-f 27, —2 

3 

1962 

3-320 

-M I, 0. — 14 

4 

1962-3 

3 'I 98 

+ 20, +16, — 7, — 19 

5 

1963 

3-172 

+ 7 , -49 

6 

1963-4 

3.232 

4 36, -hi, — 1 I, —40 

7 

1964 

3-187 

-h 74, +11, —38 

8 

1964-5 

3-193 

-1- 28, + 13, +5, —6t 

9 

1965 

3-239 

+ 30 » - IS. -31 

10 

1965-6 

3-170 

-f- 3, + 2, — 6 

11 

1966 

3-185 

+ 28, “21, —28 

E2 

— 

No survey 

— 

13 

J967 

3-154 

+ 36, — I I 

14 

7967—8 

3-034 

+ 77, +49, +10, —58 

i.S 

1968 

3-105 

+ 24, -37. -48 

r6 

1968-9 

3-0+2 

+ 53 . + 35 , -14, -47 

n 

19O9 

3-084 

+ 35 , -30, -34 


fSce Appendixes, .suction n.2, 


underlying mean rate of loss of FEV during the 1960s was steady or 
not. In section B.9 of the Appendixes it is shown that rates of loss of 
FEV tend to accelerate, but this effect would also be completely lost 
in the short-term irregularities. 

The biases of the various observers at each survey (estimated as 
in section B.2 of the Appendixes) are showm in Fig. 2.3 (p. 22), and 
it w'ill be seen that they are of a size which might account for some 
of the irregularity. There is no way of deciding whether the obser\'ed 
deviations from a steady decline of FEV are genuine or whether they 
were chiefly due to observer biases, although the fact that the most 
extreme deviations coincided with the coldest weather does suggest 
that some of the changes were real and that adverse climatic condi¬ 
tions may be able to depress the mean FEV of a whole group of men 
temporarily by at least o'l litres, in spite of great care being tal<en to 
keep the spirometer temperature constant. 

Distribution of FEV slopes 

The way in which the rate of loss of FEV for each man was estimated 
is described in detail in the Appendixes, sections B.1-B.5. Briefly, 
after minor bias corrections to the various FEV readings, for each man 
in the Follow-Up Group a regression line on calendar year was drawn 
through his FEV readings (ignoring those that differed by more tlian 
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Fig. 4.2. FEV slope distribution 

Distribution <)(’ FliV slope in the Follow-Up Uroup, rounded downwards by up to 5 tnl/ycm', 
distinHinsbint; between etirrcnt smokers and otlicr men. (FUV slope s long-term rate of 
change + 25 nil/year due to short-term deviations and measurement errora.) 

+ 450 ml from aline of slope 30 ml/year through his mean FEV level) 
and his rate of change of FEV during the study vv-as estimated (see p. 
125) as the slope of this regression line minus 15 ml/year. We consider 
(Appendixes, section B.3) that these estimated rates of change of 
FEV, which we call ‘FEV slopes’, differ randomly from the true rates 
of change with a S.D. which is of order d 20 ml/year. The distribution 
of the FEV slopes among the Follow-Up Group is illustrated in Fig. 
4.2, distinguishing between smokers and others. The relationship 
between smoking, FEV level, and FEV loss is discussed in Chapter 5; 
here, we merely note that there does appear to be something of a 
‘tail’ of excessively steep FEV slopes, particularly in smokers. The 
single very steep slope in an ex-smoker was associated with the re¬ 
currence of asthma during our study (Chart F.3 in the Appendixes). 

Vital capacity (VC) 

Vital capacity (VC) was not measured until the sixth survey in 
January 1964. It was measured again in the summer of 1965 and in the 
last five surveys.'I’he mean values in the 422 constant attenders who 
attended all these surveys and gave acceptable readings of VC are 
shown in Table 4.2 and Fig. 4.3. The biases of the various observers 


Table 4.2. VC means and biases 1963-9 

Mean values of VC at surveys 6, 9, and 13—17 in 422 men w'ho gave acceptable readings a* 
all of these surveys and individual observer biases at these .surveys 


Survey 

Year 

Mean VC (litres) 

individual observer biascst 

6 

1963-4 

4-438 

+ 34, —8, —28, —36 

9 

1965 

4-295 

+ 33, —20, —22 

13 

1967 

4-160 

-l-SO, -12 

14 

I967-8 

4-094 

+ 112, + 109, + 5> — 81 

15 

1968 

4-206 

+ 9, — — 22 

16 

1968-9 

4'134 

+ 49, +30. - i, - 33 

17 

1969 

4-182 

+ 11, — 8, — 25 


t See Appendixes, section B.2. 



1964 1965 1966 1967 1968 1969 

Year 

Fig. 4.3. VC means and biases 

Mean VC at surveys 6, 9, and 13-17 for 422 men who gave acceptable VC readings at all of 
these surveys, with mean pbserver biases. 

at each survey, estimated as in section B.z of the Appendixes, are 
also given. There appear.s to have been a fall of some 300 ml between 
1964 and 1967. Thereafter the level remained constant with slightly 
iiigher values in summer than in winter. I’hese observations are 
difficult to intcrpi'ct unless the relatively high \ iiiucs before 1967 were 
due to some undetected technical error. Since no tracings of the 
expirations were kept, this cannot now be investigated. As described 
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in section B.4 of the Appendixes, individual rates of change of VC ' 

were estimated for each man, but for the reasons there given these are 
not considered reliable enough to be of much interest. 

Smoking habits I 

These ai e described in Table 4.3 and Fig. 4.4, both of which have | 

been corrected to estinaate (Appendixes, section B.7) what would ■ 

have been observed had the 1961 sample been a random one. At the ! 

initial survey, 72 per cent were smokers, which corresponds closely 
with the national average in that year (Todd 1972). After the initial ' 

survey, about 5 per cent of the smokers gave up, perhaps because of 
the psychological effects of our study, and the overall mean cigarette 
consumption decreased by about 13 per cent. This is rather more than 
the general fall of about 5 per cent in cigarette consumption which 
followed publication of the first report of the Royal College of 
Physicians on Smoking and Health in 1962. Although reporting biases j 

in assessing whether men smoke are unlikely to change much with i: 

repeated questioning, it is possible that reporting biases in assessing 
the number of cigarettes smoked per day might change with repeated 
questioning. We therefore record that reported consumption per I 

smoker was about 8 per cent higher at the initial survey, but we do 
not know if the actual consumption then was any different. A very f 

slight decline in the proportions of current smokers and in the metin 
cigarette consumption continued to occur between 1962 and 1969, 
interrupted only by a slight temporary increase in 1966. ! 

The 19603 was the decade during which the majority of British ' 

cigarette smokers began to use filter-tips, and it is not surprising to ! 

find that the proportion of cigarette smokers in our Follow-Up Group | 

who used filter-tips increased from 25 per cent in iq6i to 50 per cent 
in 1969; if anything, the change in our men seems to have been less - 

rapid than the change in the general population, in which 19 per cent ■ 

and 75 per cent of cigarette tobacco was smoked with filter-tips in f 

1961 and 1969 respectively (Todd 1972). However, our Follow-Up | 

Group differs systematically in age, sex, geographical location, and 
social class from a random sample of British smokers, and we have 
described the proportion of smokersf using filter-tips rather than the 
proportion of cigarette tobacco smoked with filter-tips. Given these ^ 

limitations, the pattern of changes of filter-tip usage that we have '' 

observed does not differ sufficiently markedly from the national i, 

pattern <;f change to disquiet us, although it is somewhat siirprisijig ; 

t Although we gave each oifjarcttc .Rmoher a score of o, 35, 75, or lOO per cent according ' 

to whether he used filter-tips none, less than half, more tluui half, or all of tlic time, the j 

large majoijty of these assumed scores were either o per cent or 100 per cent. 

9t^0089e903 ! 
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Table 4.3. Smoking habits 1961—9 

Changes in mean smoking habits observed in the Follow-Up Group at summer sun'eys jpfu * gi 
corrected for 1961 stratificntinn 


Summer 

Percentage of current 
.■smokers 

Mean dnib' cigarette 
consumption, all men 

^^ca^ percentfiKC 
filter-tip Usage, 
cigarette srnokers only 

1961 

72 

9'6 


1962 

6S 


27 

1963 

68 

8-4 

,12 

1964 

67 

8-4 

32 

19O5 

67 

7-9 

40 

7966 

69 

8'7 

42 

1967 

67 

8-1 

42 

1968 

66 

8-0 


1969 

64 

7-9 

30 

Approximate S.E. of 
each value 

± ^ 

+ 04 

±3 



Year 

Fig. 4.4. Smoking habits 1961-9 

Summer surveys, 1961—9: Follow-Up CJroup corrected for tyfu stniffHeacion : percentages 
of smokers of any form of tobacco, and percentage of cigarette smokers who used filter-tips. 

that we observed as many as 25 per cent filter-tip users in summer 
1961. 

Mucus hypersecretion 

Surveys of British men, including our own initial (1961) survey, 
usually show a higher prevalence of mucus hypersecretion in older 
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subjects. Our age gradient was not marked (Tables 3.7 and 3.8, both 
on p- 42), but even this small age gradient (if it existed because 
rnucus hypersecretion increases during adult life rather than as a 
cohort effect) suggested that mean sputum volume and mean phlegm 
score should each increase by about 10 per cent during the eight-year 
course of our study, and such an increase should be detectable by 
our methods. However, the mean values of our indices of mucus 
hypersecretion actually declined during the course of our study 
(Table 4.4; Fig. 4.5). It is of some interest to know whether this 
observed decline is real or arte factual and, if real, what the causes 
of it might be. 

The main possible artefact in the phlegm questionnaire results is 
due to a change in the question, from ‘each year’ at the ig6i survey 
(Appendixes, section A.3) to ‘last winter’ at subsequent summer 
surveys (Appendixes, section A. 4 )- A. minor artefact in the pattern of 
phlegm questionnaire results is that survey 2 was a winter survey, 
while all other surveys at which phlegm questions were asked were 

summer surveys. Another influence is that between ig6i and 1962 the 

percentage of our men who smoked decreased by about 10 per cent. 
It is also possible that, as the men learned that phlegm production 
would be enquired about regularly, they began to observe and report 
their phlegm production more accurately. Moreover, men might 
become bored with spitting into bottles and therefore less co¬ 
operative (Freedman et al. 1972)- 

Apart from the effects of learning and of the progressive failure to 
co-operate with morning expectoration and return of the sputum 
bottle, two further biases affected our sputum volume assessments. 
First, the collection technique at the first five surv'eys differed from 
that at subsequent surveys in that men were given one bottle at the 
initial survey, three bottles to be used on successive mornings 
immediately after surveys 2—5» and three bottles to be filled at 
weekly intervals after surveys 6—17- It is possible that the degree of 
co-operation in filling bottles immediately after the survey would be 
greater than that in filling bottles weeks later. Because of this, neither 
mean sputum volumes nor proportions of non-empty sets of bottles at 
surveys i, 2—5, or 6—17 can be directly compared with each other. 

Secondly, the sputum volume measurements at surveys 10-17 
were biased upw'ards by an indeterminate amount. This occurred 
because in 1966 we started to use plastic bottles for the sputum 
instead of glass ones, and the standard bottles, by comparison with 
which the volume in each non-empty sputum bottle was assessed, 
lost about 0’5 mlf during the course of each of these surveys by 

t Estimated by subsequent experiment. 
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Table 4.4. Expectoration 1961-9 

Changes during 1961 to 1969 in mean values recorded in the Follow-Up Group of various 
Indices of mucus hypersecretion, corrected for 1961 stratification. (Values that may 
particularly biased appear in brackets; see text.) 


Time 

Survey No. 

Mean 0—4 phlegm 
score 

Percentage of 
non-empty sets of 
sputum bottiesji 

Mean volume of 
sputum recorded 
per bottle 

S 1961 

I 

(i-t.-;) 

(.33) 

(fo8) 

w 

z 

(l-I2)t 

46 

1-04 

S 19&2 

3 

fofi 

33 

O'Ofi 

w 

4 

— t 

3S 

O'96 

S 1963 

5 

o-8o 

29 O'64 

Change to weekly bottles 

w 

6 

— t 

33 

0'73 

S 1964 

7 

0-91 

26 

0-62 

w 

8 

— 

33 

O'79 

S 1965 

9 

o-8o 

25 

0-5Z 

\v 

10 

— t 

.10 

O'S3 

S J966 

J I 

0-85 

24 

0-55 

w 

No survey 


— 


S 1967 

13 

0-73 

25 

(0-63) 

w 

14 

— t 

32 

(o'83) 

S igfiR 

15 

0-92 

20 

(0-78) 

W 

if) 

-t 

.U 

(0*82) 

S 3969 

17 

O'73 

27 

(0-70) 

Approximate S.E. of each value 

To'ofi 

±2 

+ o'o8 


t Phlegm questionnaire not administered at winter surveys except 1962. 
^Excluding from each survey men who returned no bottles then. 




Fig. 4.5. Expectoration 1961-9 

Expectoration in the Follow-Up Group 19&1-9, corrected for 1961 stratification, from 
Table 4.4. Bracketed points may be bia-sed; see text. 
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transpiration through the plastic. This must have caused an average 
over-estimation of the volume in non-empty bottles of about 0 3 tnl, 
with a consequent over-estimation of the overall mean sputum 
volume at those surveys of about 01 ml. This bias would affect 
recorded volume, but not tvhether or not the bottle is recorded as 
empty. Because of this, and because the mean sputum volume may 
be more critically dependent on learning and co-operation than the 
proportion of non-empty bottles is, we feel that trends in mucus 
hypersecretion are likely to be better described by the proportions of 
non-empty bottles at surveys 6-17 than by the means of the sputum 
volumes at those surveys. (This is confirmed by the observation 
(Fletcher et al. 1974) that, among men with the same proportion of 
non-empty bottles, there was no correlation between mean sputum 
volume and either FEV or chest episode frequency.) 

Because of biases in mean phlegm scores and sputum bottle results 
due to changes in technique and learning effects, especially during 
the first two years of our study, it is impossible to establish from 
our data whether a secular decrease in chronic mucus hypersecre¬ 
tion did occur in our population during the iqbofi. 

'To help us decide whether a secular decrease really did occur, the 
men who attended survey 13 in the summer of 1967 were asked: 
‘Since we first saw you six years ago, do you think there has been any 
change in the quantity of phlegm you bring up on most days first 
thing in the morning?’ Those who replied ‘Yes’ were asked whether 
there was now definitely less or more phlegm: 562 men replied that 
there had been no definite change; 22 (3-5 per cent) said they now 
definitely had more phlegm; while 50 (7-8 per cent) said they 
definitely had less. A question requiring recollection over a six-year 
period is inevitably inaccurate, but the replies were consistent with a 
downward trend of mucus hypersecretion. Some further evidence 
that the decline of mucus hypersecretion was real may be derived from 
the survey conducted in 1959 on a random sample of all men at the 
LondonTransport Workshops (Fletcher and Tinker 1961). Although 
the techniques of sputum volume measurement were not the same 
as in the 1961 survey, the proportions of empty and non-empty 
bottles are comparable, and 229/462 (50 per cent) of the 1959 bottles 
were non-empty, as compared with only 38'6 per cent of the rg6i 
bottles (Table 3.8, p. 42). This indicates that a decline in sputum 
volume may already have begun before 1961. 

'^rhere are various possible causes for such a decline in expectora¬ 
tion if it did indeed occur. First, there was a great decrease in air 
pollution in London, especially in the years immediately preceding 
our study (Fig. 4.6). Secondly, our men cut their smoking dow'n 
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Fig. 4.6, Air pollution 1958-68 

Mean «incontniti((n;(.f smoke hikI sulpl^nr dioxide' at sevt-n siti-s ii, Crnlnd 
'March (from thitd supplied l>y Mr. R. \Vidler). 
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more than the average in the United Kingdom over the same period. 
Ihirdly, there was the increasing use of filter-tipped cigarettes by 
smokers—but we found no correlation of filter-tip usage with any of 
our indices of expectoration (Table 6.7, p. 117). Next, there was a 
decrease in the average tar delivery of popular brands of cigarettes 
over the duration of the study, but we have no direct evidence of any 
possible effect that this may have had for we did not assess it in 
individual men. Finally, there was probably an increase in the use of 
antibiotics for respiratory infections in the course of the study, since 
the total number of antibiotic prescriptions in Britain rose from 20 
million in 1962 to 36 million in 1968 (National Economic Develop¬ 
ment Office 1972) but, since w'e shall conclude that chronic expectora¬ 
tion is not greatly affected by clinical respiratory infections, this mav 
be of little relevance to trends in expectoration. 

Indices of infection 

Our two main indices of infection are (he replies to our questions 
about chest colds and illnesses, and our assessments of sputum 
purulcncc. 'rite obvious drawback of sputum puruleneo is that it 
cannot be measured in those without any sputum, and since only 
about a third of the men at any particular survey did produce 


Source: https://www.in(justry(jocuments.ucsf.edu/docs/kgnx0000 
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Table 4,5. Infective events 1961^ 

Frequency among the Follow-Up Group, corrected for the 1961 stratification, of chest illnesses 
with phlegm, chest episodes, and purulent sputum 


Time 

Survey No. 

Percentage of 
non-empty bottles 
with purulent 
sputum (grade ^3) 

Percentage of men reporting, from previovi.s 
six months 

(b) Chest episode 

(a) Chest illness (chest cold with 

with phlegm phlegm or chest 

( > I week in illness with 

bed) phlegm) 

.S 1961 

1 

— 

— 

— 

W 

2 

— 

— 

— 

vS 1962 

3 

iO’4 

1*2 

14-6 

w 

4 

29’I 

2*0 

21'3 

S 1963 

5 

90 

0*8 

I 3'6 

W 

6 

19’I 

1-3 

22'3 

S 1964 

7 

j 6’3 

0*6 

13-6 

w 

8 

14'S 

i-i 

200 

S 1965 

9 

I 5'2 

I "5 

17R 

w 

10 

i6‘4 

1-9 

22'4 

S 1966 

I 1 

(j-0 

2-6 

I 4 'i 

w 

.No Rurvey 

— 

— 

“ 

S 1967 

T 3 

7'9 

2H 

i6'6 

w 

14 

iO'5 

2-4 

22'8 

S 1968 

IS 

9-2 

3'3 

20'2 

w 

16 

i 3 ’S 

2’I 

2I-I 

S 1969 

17 

i 4'8 

2'4 

i8-2 

Approximate S.E. of each 
value 

+ 2-8 

±o‘6 

±*'7 


Sputum, this drawback is extremely serious, and prevents us being 
able to disentangle infection, as assessed by sputum purulence, from 
hypersecretion. 

At the first two surveys, the questions asked about chest illnesses 
and colds were different from those asked subsequently so these early 
results cannot be compared with those obtained at later surveys. 
Table 4,5 and Fig. 4.7 give, for the men in the Follow-Up Group, 
corrected for the 1961 stratification, the frequency of chest illnesses 
(which by definition required a week or more in bed) with increased 
phlegm, chest episodes (which by definition inv^olved increased 
phlegm), and purulent sputum among those who returned non-empty 
bottles. The erratic behaviour of purulence frequency is disquieting. 
Although assessment of purulence is prone to severe observer error 
between untrained observers, this can be corrected by training (Miller 
and Jones 1963). d’he four observers wlio carried out these assess¬ 
ments in the course of our study were all trained in the original 
technique and no change of observers coincided with the very marked 



ear 

Fig- 4.7> ifecti'/e events 1962-9 

Pet'centage frequency 1962-9 am ig the Imllow-Up Group, corrected for the [91 
stratification, of chest illnesses with hlegm, Giest episodes, and purulence (from Table 4.= 

fluctuation in 1966. Moreo er, aft-.‘r the study had been completed 
we found good agreemei in a-isessments of purulence in 131 
specimens of sputum betwt n the 'Observer who did most of the late 
assessments and one of tb origi tal observers (section E.3 of th( 
Appendixes). Nevertheless systematic observer error could still b( 
responsible for the irregu ir trend of purulence frequency and 
; perhaps, for its apparent tei lency Vo decline during the course of tht 

study. This possibility cast furth^ -r doubt on the value of sputum 
purulence as an index of hr nchial infection. 

The ‘chest illnesses witl increased phlegm’, which were distin- 
guished from ‘chest episode ’ by nt cessitating a week or more in bed, 
are twice as frequent in th- secon i half of the study (2-4 per cent 

per six-monthly survey) as n the first half (1-2 per cent), perhaps 

i because of the increased es e of obtaining sickness benefits which 

' existed later in the study. Be ause ( F this, the only index of bronchial 

i infection in which we f< 1 much confidence is chest-episode 

frequency: a clear winter/si nmer gradient is evident in every year, 
and a fairly constant rate of -portii -g throughout the study indicates 
that no substantial learning elFect.'- determined the replies to these 
questions. 

Although it is clear that v • have observed something consistently 
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Table 4.6. Age distributioa of 1961-9 data 

Each line describes the way in which one of our major indices depends on age. After the regression coefficient on age and its S.E., the mean 
and standard deviation in each group is given. The mean values in this table have been corrected (Appendixes, section B.y) to estimate what 
would have been observed in the Follow-Up Group if the tg 6 i sample had been random rather than stratified, but the standard deviations have not 
been thus corrected as it might have made them unduly inaccurate. In this table, H denotes the standing height. 


.\ge in 1961 Age in 1961 Age in 5961 Ail men in the 
30-39 40-49 5®“59 Foliow-Up 

(161 men, mean (319 men, mean (312 men, mean Group (792 men, 



Regression coefficient on age 
(±S.E.) 

age 40’3 in 
mid-1965) 
(mean ±S.D.) 

age 49-0 in 
mid-1965) 
(mean ±S.p.) 

age 58-9 in 
mid-1965) 
(mean +S.D.) 

mean age 51-1 
mid-1965) 
(mean ±_S.D. 

'f _ V 

.Ui w J J UCf J 

j '-j-t 01 

j-j[ x0‘u; 

■^' 7 + 

3'£5 

zo 74 

FEV/H^ (cl/m^) 1961-g 

(or, given H, — 0-047) 
-0-843 ±<’ 057 

70-1 ±10-5 

64-2 ± I2’3 

56-1 +12-3 

62-1 

± i 3'3 

■Maximal VC (litres) 1963-9 

— 0-048 i 0-00 3 

4'86 xO ‘74 

4-62 +0-69 

4-01 +0-74 

4'43 

+ 0-79 

FEV'’.:VC 

(or, given //, — 0-037) 
~o‘456 ±0-046 

73-0 ±8 0 

7 i’S ±97 

6S-3 ±10-1 

70-9 

± [O’O 

FEV slope (ml year) i96i--g 

-0-53 ±0-14 

- 39 ±26 

- 4 S ±28 

-48 ±30 

-45 

±29 

Mean daily cigarette eonsumption 1961 -g 

(t>r, gis-en FEV///-', ■ 4 -o-io) 
0-05 +0-04 

74 +9-2 

8-3 ± 8-5 

8'9 + 9’2 

8'4 

± 8'9 

Chest episode frequency (per cent/survey) 
£962-9 

O-I +0-1 

16 

19 ±22 

20 ±24 

19 

±23 

Mean 0-4 phlegm questionnaire score 
[962-9 

0'0i6 +o-oo6 

0-76 ± !'22 

0-83 ±I '36 

0'95 ± 132 - 

0-88 

± r *32 

Mean sputum volume (ml) [962- 9 at surveys 
when bottles were returned 

(or, given smoking habits, 0-013) 

0-027 +o-oo8 

0-58 + I'Ss 

0-62 ± [-31 

0-89 ± 1-95 

0-72 

±1-71 


(or, given .sm)>king iuibii.s, 0 025) 
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4 i- 
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«> 
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Source: https://www.in(justry(jocuments.ucsf.edu/docs/kgnx0000 
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Table 4.7- Age distribution of FEV/H* in the Follow-Up Group 

The numbei's of men given in each cell are biased by the stratification of our iq6i sample, which will have slightly increased 
the proportion of obstructed men, and by the selective loss, by retirement or death before 1961 or by death between 1961 and 
1967, of men whose mean FEV//P 1961-9 would have been less than 30 cl/m®. 


Age in 1961 

Mean age in 
mid-I965 


1961-9 mean FEV///® in cl/m® 


All FEV/H® 

<30 

30-40 

40-50 

50-60 

60-70 

>70 

30-39 (to years) 

40-3 

0 

0 

7 

17 

SS 

82 

r6r 

40-44 

4*-3 

3 

a 

13 

27 

48 

63 

156 

45-49 

SI-6 

I 

8 

17 

55 

5 ^ 

30 

163 

50-54 

56 'S 

3 

9 

22 

54 

50 

17 

iSS 

55-59 

6i'3 

10 

18 

39 

SS 

29 

6 

157 

All ages 

Sfi 

17 

37 

98 

208 

234 

198 

792 

Percentage of all men 


2 

5 

12 

z6 

30 

25 

too 


t In a man of height 1-71 m, FEV in litres may be obtained by dividing FEV/fif® (cl/m*) by 20. 
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Factors related to the 
development of 
airflow obstruction 


Summary 

This chapter is the heart of the book. The correlation between 
smoking and more rapid loss of FEV has the characteristics of a 
causal relationshipj because after allowing for age and present FEV 
there is a tendency for subsequent FEV losses to be greater in 
smokers than in ex-smokers. However, the correlations between 
eitlicr mucus hypersecretion or infective episodes (assessed in various 
ways) and more rapid loss of FEV do not have the characteristics 
of causal relationships, because after allowing for age and present 
FEV there is no relationship of cither of them with FEV slope. 
Moreover, when an individual has more expectoration than his 
average, or when he suffers an infective episode, he does not suffer 
a greater loss of FEV than he suffers at other times. 

Further examination of the relationship between smoking habits 
and changes in the FEV shows that, as expected, most smokers 
suffer very little loss of FEV as a result of their smoking, but that 
a minority (larger in heavier smokers) suffer substantial damage. 
Stopping smoking has, of course, little effect on those who have 
not been much affected by it, and even among the ‘susceptible’ 
minority stopping smoking does not allow lost FEV to be recovered. 
However, it does seem that among the ‘susceptible’ smokers the 
rate of loss of FEV is approximately halved after stopping smoking, 
reverting to a normal rate of loss and presumably considerably 
increasing their expectation of active life. 

ff'he observed relationship between low FEV and expectoration 
appears to exist chiefly because certain men have a special suscepti¬ 
bility, determined genetically or in early life, which predisposes both 
to expectoration and to more rapid FEV loss. 

Introduction 

Wc devote this chapter to a full analysis of which factors do and 
which do not affect the rate of decline of FEV in the Follow-Up 
Group. Severe reduction of FEV is neces.sarily disabling. Mucus 

^S0089890^ 


hypersecretion and recurrent bronchial infections in men 
normal FEV may be troublesome, and certainly cause a great 
of sickness absence, but they are not seriously disabling ut 
FEV is greatly reduced and are therefore of less practical ■ 
sequence. 

We shall first consider the analytical problems of finding whic 
the factors related to reduced FEV may be actual causes of I 
loss. In the light of this, we shall then examine those factors (smol 
habits, recurrent chest illnesses, and chronic phlegm product 
which have been shown to be related to reduced FEV in n 
prevalence studies, including our own initial survey (Chapter 
Lastly, we shall consider a number of other factors which hai'c 
been suggested as possible causes of the development of chri 
airflow obstruction. Since men who had any condition which m 
have caused severe restrictive reduction of FEV (3 per cent of n 
see Appendixes, section B.4) were excluded from the Follow- 
Group, reduced FEV levels may be assumed to be chiefly c;u 
by airflow obstruction, due either to changes in the airways o 
emphysema, and increased rates of decline of (steeper I 

slopes) indicate more rapid der elopment of these conditions. 'I 
the two terms ‘I'educed FEV’ and ‘airflow obstruction’ arc usci 
this chapter almost interchangeably. We are, of course, aware 
differences of physique and main airways size also affect FEV. 
we are concerned only with abnormal reduction of FEV, and 
is determined predominantly by airflow obstruction. 


Analytical problems: the horse-racing effect 

Data such as ours, which cover only a relathely short fraction 
the lifespan of the men who took part in our studj", present interest 
analytical problems. Associations had been observed between 
FEV and smoking, recurrent chest infections, and mucus hv)- 
secretion in many prevalence studies. We intended to discover wh 
of these three associations arose because the factor concerned aetu: 
caused permanent loss of FEV, and which arose for other reast 
We originally hoped to answer these questions merely b>’ sur\ey 
a group of men for a number of’ years, noting the losses in I' 
which those men suffered over the course (1961—g) of our stu 
and then finding which of the three main factors of interest (smoki 
clicst illnesses, and mucus hyper.secretion) were correlated with 
FEV losses which occurred over this relatively short period. ’ 
gradually came to realize, however, that this approach wouid j 
help us to decide which factors were causing FEV loss and uh 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 






72 


onic bronchitis and emphysema 


CH.5 


CH.s 


Development of airflozi^^^rnction 73 



1961 1969 

25 50 75 

Age <Y&ars) 


Fig. 5.1. Rapid loss causing low FEV and steep FEV slope 

Graphs of FEV against age for three hypothetical men, all born in igi i, and all with an FEV 
of 4 litres at age 25. Man S develops severe airflow obstruction, man O develops very 
little, ant! man M develops moderate obstruction, 'I'he heavy lines indicate the FEV 
regression lines we would find in these men during our study (1961—9). 

were not. The reasons why have some general interest, and are 
discussed in detail in section B.io of the Appendixes. The parts of 
section B.io which are essential for understanding our analysis of 
the causes of permanent loss of FEV are summarized here. 

FEV loss is a gradual process (Appendix C) which accelerates 
slightly (Appendixes, section B.g) throughout adult life. It is clear 
that, for a mixture of constitutional and environmental reasons, 
some men lose FEV much more rapidly than others (Fig. 5.1). 
These ‘FEV losers* will, of course, tend to have steeper FEV slopes 
and, by middle age, lower FEV levels. In the general population 
low FEV and rapid loss of FEV therefore tend to be correlated 
with each other, and a low FEV in middle age indicates an ‘FEV 
loser’. Although there is no reason to suppose that low FEV causes 
steeper FEV slope, knowledge of a middle-aged man’s FEV can thus 
help us to predict his FEV slope. 

Anything associated with low FEV will thus automatically tend 
to be associated with FEV slope, whether or not it is an actual 
cause of FEV loss. However, a cause of FEV loss will usually 
(unless it operates absolutely constantly throughout life) tend to 
be associated with FEV slope, given what sort of ‘FEV loser’ each 
man is, while something that is not a cause may not be. 

ssooe9e902 


We can get some idea of wbat sort of an FEV loser each man 
is by comparing his FEV with that expected for his age and height, 
so, writing M for height,/tzeforr which vary during adult life but zvhich 
are not correlated with FEV slope, given FEVIH^ (Appendixes, 
section B,6) and age, are not significant causes of permanent loss of 
FEV. In other words, most factors which are not correlated with 
FEV slope in a population of men all with the same height, age, 
and FEV level cannot be causes of FEV loss. 

It is convenient to have a name for the process whereby FE^’ 
slope inevitably tends to be correlated with FEV level and thus 
with any factor which is correlated with the amount of FEV which 
has already been lost, and we call it the horse-racing effect. (This is 
because, when we were deciding that the observed correlation of 
steep FEV slope with low FEV level did not necessarily indicate that 
low level somehow caused steep slope, an analogy with a horse-race 
proved helpful: it is obvious that in a horse-race the fastest horses 
are out in front because their speed has put them there, not because 
being in front makes them ‘speedy’.) 

Multiple regressions, F-ratios, and correlation coefficients 

In many subsequent tables w'e give quantitati\'e correlations of FEV | 
slope and level with all the factors we studied. Each cell in these ! 

tables describes a regression, giving the regression coefficient and the j 
F-ratio. The regression coefficient in the correlation of FEV with ^ 
some other quantity is an estimate of the difference between the 
average FEV of two groups of men whose values for the other 
quantity differ by one unit. For instance, in the case of a 0/1 
quantity which is i for men who reported hai’ing had a chest 
illness and o otherwise, the regression coefficient of FEV on this | 
o/i quantity equals the difference between the average FEV of men 
who did report at least one such illness and the a\’erage FEV of 
those who did not. For quantitative variables, the regression co¬ 
efficient is based on their units of measurement. Thus, for sputum | 
\n)lumc, measured in-millilitres, the regression coefficient of FEV on j 
sputum volume indicates the mean difference of FEV between groups 
of men differing by i ml in their sputum volume. These regression 
coefficients inevitably suffer from random variation. Since the 
variance of each regression coefficient can be estimated, it is possible j 
to test whether any particular regression coefficient differs sig- ; 
nificantly from zero, or vvliethcr it is compalible with there actually 
being no relationship between the quantities being correlated. 

The ratio of the square of the regression coefficient to its ^■arianee 


Source: https://www.in(dustry(documents.ucsf.edu/docs/kgnx0000 
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Table 5.1. The interpretation of F-ratios 

Approximate significance oC F-ratios derived tVom regressions on single explanatory variables 


Regression coefficient 

Approximate 

F-ratio 

Approximate 

statistical 

significance 

level 

Approximate 

correlation 

coetRcient 

Less than 2 fi.D.s frotn 0 

< 4 

Not aigniRcant 
(0-05 < F) 

p < o'o8 

Benveen 2 and 2’6 S.D.s 
from 0 

>4 <7 

0-01 C P < 0-05 

p S 0*09 

Between z-6 and 3*2 S.D.s 
from 0 

>7 < ri 

o'oar < P < o'ot 

P “ O'll 

Greater than j'Z S.D.s from 0 

> II 

P < 0-001 

p >0-12 

5'5 S.D.s from 0 

30 

Infinitesimal 

P — O'ZO 

8'S S, D.s from 0 

72 

Infinitesimal 

0 

tl 

b 

II 

12 S.D.s from 0 

144 

Infinitesimal 

p = 0-40 

16 S.D.s from 0 

256 

Infinitesimal 

p = 0-50 


is called the ‘F-ratio’.t '^i’hosc who prefer correlation coefficients to 
F^ratios can obtain them, in our study, by dividing the square root 
of any F-ratio by about 30. For example, in Table 5.8, p. 87 the cor¬ 
relation coefficient of chest episode frequency with FFV^/T’ is about 
VC39 o)/ 30 = 0-2. The statistical significance of a regression co¬ 
efficient is determined by the F-ratio approximately as in Table 5.1. 

Small or moderate F-ratios should be used only as rough guides 
to significance levels, without paying too much attention to their 
exact values. In the course of analysing our data, several hundred 
such F-ratios were calculated. A few of the smaller F-ratios, therefore 
probably mask real correlations and some of the large F-ratios are 
probably, by chance, false indicators of a correlation where none 
exists. This is especially true when there is conflicting evidence, such 
as a correlation with FEV slope without any correlation with FEV 
level. 


The causes and correlates of low FEV 

The relationship between rapid FEV loss and low FEV 
We shall first present the data on the two factors which have the 
most significant correlations with FEV slope: FEV level (whose 
correlation with slope is to be expected as a ‘liorae-racing e(Tect’) 
and smoking habits. ’’Iffiese factors account, respectively, for about 


t See Appendixes, section B.is for a forma] deliiiition of which F-iatios were calculated, 
and for the treatment of rejiressions on severnl parameters. 
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12 per centf and 5 per cent of th variance of our FEV slopes. 
(About 50 per cent of the variance f our FEV slopes is accounted 
for by measurement errors, whicl are not, of course, correlated 
with anything.) 

In an earlier analysis of our findii from 1961 to 1968 (Fletcher 
et at, 197O) 1972), we reported th FEV slope was more closely 
correlated with the FEV as a perct itage of the slow vital capacity 
(VC) than with uncorrected FEV. \lthough this is still true, the 
closeness of the correlation of FK '%VC (see p. 183) with FEV' 
slope which we previously reported is partly spurious owing to our 
having then derived mean FEV^,"^ C only from those surveys at 
which both FEV and VC were mer ured. Since these were mostly 
in the latter part of the study, this it reduced a factor of ‘regression 
from the mean’ (Appendixes, sectio’ B.16), which is largely avoided 
by our present use of the ratio of i te weighted mean of all v alues 
of FEV to the highest reading of VC (Appendixes, section B.6). 

Since the VC itself may be severelv ’'educed in obstructive diseases, 
the ratio FEV%,VC may be a relati ely insensitive estimate of tlie 
severity of airflow obstruction eve i in men wlio have suffered 
considerable FEV loss since early ad It life, if they have also suffered 
a considerable reduction in their \ We therefore also used the 
index FEV (in centilitres) divided h H-\ the cube of the standing 
height in metres, to assess the 5 verity of airflow obstruction 
(Appendixes, section B.6). Writing lis as FEY/J-/*'’, we found that 
numerically FEV/ET^ in units of cet ilitres per cubic metre (cl/m'*) 
was generally about 10 less than he FE\’'‘’„VC. The values of 
FEV%EE''‘ which divhde our populati 11 into three equal groups were 
roughly at 55 cl/m* and 65 cl/m* (co ipared with about 65 per cent 
and 75 per cent for the FEV'.’.'VC). In other words, in a group of 
men (although not necessarily in tn individual man), FEV//E* 
(cl/m*) is approximately equal to h ' 1 V%VC~ 10. Another way of 
keeping some feel for what ditfere t FEV///* values mean is to 
remember that in a man who is 1-7 m tall, FEV in litres may be 
obtained by dividing FEV///* (cl/m* by 20. 

The strong relationship shown in Fable 5.3 between FEY slope 
and either FEV///* or FEV%VC s ggests that both indices give 
reasonable estimates of previous FI V loss. To correct for various 
biases (Appendixes, section B.3), tl e ‘FEV slopes’ are 15 ml/year 
steeper than simple regressions, so hat their mean, —45ml/\'ear, 
equals the coelficient of age in the 'gression of FEV on age and 

tTliis. cnrrfspiinds to it correliitittii cnt'lTicicm 0-35. 'I'ltis corTL'lation c-iH'fliticiic would 
probably have been greater than 0-50 (Appendixe section B.i i) if the FKX' slopes had been 
estimated more accurately, 


Source: https://www.industrydocunnents.ucsf.edu/docs/kgnxOOOO 
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Table 5 2. Mean FEV slopes (ml/year) by FEV%VC and FEV/H^ 


FEV/H='(cl/m“) 


FEV%VC 

<45 

45-50 

50-55 

55-60 

60-65 

65-70 

>70 

All 

FEV/H* 

<^o 

-74 

(72) 

-49 

(15) 

-57 

(14) 

-42 

(ii) + 

4 — 

(0 

(0) 

(0) 

-65 

(JJ 3 ) 

60-66 

-55 

-57 

“44 

-SI 

-48 

44 


-50 


(® 5 ) 

( 25 ) 

(24) 

(24) 

(21) 

(8) + 

( 4 ) 

(121) 

67-75 

1 

-49 

-46 

-45 

-46 

-36 

-38 

-42 


(4) + 

(16) 

(36) 

(56) 

(S8) 

(52) 

(64) 

(286) 

>75 



-39 

-45 

-44 

-36 

-35 

-38 

i 

{i) + 

( 4 ) + 

(13) 

(30) 

(41) 

(53) 

(130) 

(272) 

All ! 

-70 

- 5 * 

-46 

-46 

-45 

-36 

-37 

must be —45 


(92) 

(60) 

(87) 

(I 2 I) 

(rai) 

(113) 

(198) 

(792) 


Where the numbers of men (which are given in brackets) are less than lo, adjacent FEV/H® 
cells have been pooled since the S.E. of a mean slope is about i28'8/Ty(no. of men). The 
arrows indicate the way in which small groups of men were combined with their neighbours. 
Thus, among men with FEV%VC > 75, one man with FEV/H* < 45 cl/m® and 4 men with 
FEVjfP 45-50 cl/m were combined with 13 men with FEV 50-55 cl/m“ to give a group of 
18 men with FEV///* <55ci/m* and mean slope —39cl/m’', No correction for the lybi 
stratificiition has hwm performed since it dnea not bias the rehitionship between FEV slope 
and FEV level, ’I’lie top leftetjrncr indicates where tnti.st obatriicled men w{)ij|d be found. 

height. (The validity of this is discussed on pp. 23 and 125. Standard 
errors and differences between FEV slopes are not affected by it.) 
Interpretation of Table 5.2 is simplified by the fact that since we 
find no correlation between FEV slope and age given FEV%VC 
or FEV/Ff*, we may take the figures to apply fairly accurately to 
most middle-aged men (see Appendixes, section B.g). Almost all of 
the obstructed men will be near the top left corner of the table. 
The FEV, standardized for physique either by VC or by FP, may 
therefore be useful in the identification of middle-aged men who, 
although still clinically well, have probably suffered substantial 
FEV loss already and who may therefore be expected to continue 
to suffer rapid loss unless effective preventive action can be taken. 

Regression of FEV slope on FEVjIF 

The relationship between FEV/FP and FEV slope is shown in more 
detail in Fig. 5.2, which is a plot of them against each other for 
each of the 792 men in the Follow-Up Group, distinguishing 
between non-smokers, ex-smokers, and people who did smoke at 
one or more summer surveys. The apparently haphazard distribution 
of the data in Fig. 5.2 may be found surprising in view of the high 
statistical significance of the correlation between FEV slope and 
FEV level. This scatter arises both from the inaccuracies of FEV/FP 



Fig. 5.2. FEV sit pe by FEV/Ff ^ 

Relationship between FEVjfi^ and FEV slope n individual men in the Ft>lk)\v-L'p tJroup. 
The quartic regression line of FEV slope on Fl'.VIfP ia also slunvn. Each FEV .slope is tlic 
sum of the long-term rate of loss of FEV, a short-term dei'iation from this during the 
course of our study, and a measurement error. ( The means and S.D.s of these arc estimated 
in Appendix B lo be about 45+15 ml/year, 0 + ; 5 ml/year, and o ±20ml/year respectively.) 

as an index of past FEV loss and : From short-term deviations and 
measurement errors that arise whe n FEV slope is assessed over a 
period as short as eight years. (Because of these errors, some of the 
steepest and most of the shallowe,:;t slopes are therefore probably 
too steep or too shallow: see Apperdixes, section F.) 

The regression line in Fig. 5.2 is almost flat among the healthy 
men whose FEV/Ff^ is above 6ocl, m® (corresponding, in a man of 
height i'7im, to an FEV above 3 litres), while among men with 
lower FEV/Ff® the regression line is quite steep. This is because 
(Appendixes, section B.ti) the lon/(-term rate of loss of FKV has a 
very skewed distribution, so tliat, if we took a group of men, we 
would find that the shallow lifclon) rates were all rather similar to 
each other, but that there was a wide spread among the steep 
lifelong rates. By middle age, the men with steep rates will tend to 
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have developed an FEV/i^’’ below 6ocl/m^, while the group with 
shallow rates will not. Among the men whose FEV/H^ has remained 
above 6 oc 1 /iti^, all the lifelong rates of loss of FEV are therefore 
rather similar to each other, and so there is not much of a horse¬ 
racing effect. Among these men, FEV/H® depends much more on 
physique than on past FEV losses and so FEV/iif® is not strongly 
correlated with FEV slope. Among the men with FEV/H® below 
6ocl/m®, there are much greater differences between the lifelong 
rates of loss of FEV; FEV///® is strongly determined by past FEV 
losses as well as by physique; and so FEV/H® is strongly correlated 
with FEV slope. (The likely beliaviour of the regression line below 
30 cl/m® is discussed in section B.q of the Appendixes.) The relation¬ 
ship between FEV level and FEV slope is discussed further in 
section B.ii, and appears to be of about the magnitude that would 
be expected if the long-term rates of loss of FEV had been 
operating on the FEV levels ibr about ^5 years. 

Smoking habila 

The correlation of smoking habits with FEV slope i.s highly signifi¬ 
cant, and has characteristics compatible with a causal relationship 
(see p. 73 and Appendixes, section B.io), for it remains highly sig¬ 
nificant {P < o-ooi) after adjusting for FEV///® and age (Table 5.3). 
The effect of ‘adjusting’ FEV slope for FEV level in the middle 
column of Table 5.3 is to make the FEV slope shallower if the FEV is 
already low, which tends to be the case if the rate of loss of FEV 
earlier in adult life was rapid. Because of this, FEV slope ‘adjusted’ 
for FEV///® and age no longer indicates the absolute rate of loss of 
FEV but, instead, it indicates whether FEV loss is now more or less 
rapid than it used to be. That part of the loss of FEV in smokers 
which is the result of previous smoking will thus tend to be 
abolished by adjustment for FEV/i/® and age (‘horse-racing effect’— 
see pp. 71—3). The simple average FEV slopes (Table 5.4) in 
various groups of smokers and the unadjusted correlations of smoking 
with FEV slope (Table 5.3, column i) are therefore probably more 
relevant to the total effect of cigarette smoking on the rate of loss 
of FEV than are the adjusted correlations in Table 5.3, column 2. 

Filter-tip usage appears to be without relevance to FEV level or 
slopei Lifetime smoking is not only, as might be expected, less 
relevant to the current rate of loss of FEV than current smoking is, 
but it is also, perhaps because of inaccuracy of recall (Todd 1966), 
no better correlated with FEV///® than are current smoking habits. 
The significant excess of 46-8 over 29-0 (or of 6i-i over 44-0) in 
lines 4 and i of Table 5.3 shows that among the smokers the 
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Table 5,3. Multiple regression of FEV loss by smoking 

F-ratios and signiiicance levels generated by the regression analysis of the relevance of smoking 
habits to FEV' and FEV slope, given age, (See section B.ry of the .Appendixes for 
cornputationnl details and p. 74 for an explanation of F-rEitios.) 




FEV’ slope 



I'liV slope 

given age 

FEV/fF 


given age 

and FEW 

given age 

F-ratio from dividing the 
men into 3 types of smoker: 




{a) non- or ex-amoker 

(b) light or variable 

(c) regular smoker 

Difference betweejt the mean 

44 0 -j- a*** 

29’0 4 2*** 

27’I 4 z*** 

among the non- or ex-smokers 
and the mean slope among 
the regular smokers 

17 ml/year 

14 ml/ycar 

cl/in’ 

Difference between the mean 




among the light or variable 
smokers and tlie mean among 
the regular .smokers 

5 ml/year 

3 ml/ycar 

2-9 cl/m'‘ 

F-ratio from dividing the 
men into 9 types of smoker, ns 
in 'Fable 5.4 

f)i‘i 4 8*** 

46-8 4 8*** 

3 6'2 4 8*** 

1‘-ratio for the mean 




proportion of filter-tips used, 
given amount and type of 
tobacco smoked in 1961—9 

©•6 

0'2 

1-9 

Regression coefficient on 




mean proportion of filter-tips 
used, given amount and type of 
smoking 

3-2 ml/ye.'ir 

I‘7 ml/year 

2-3 cl/m* 

F-ratio for total lifetime 




smoking given 1961-9 
amount and type 

06 

2'4 

6* 1 

F-ratio for total lifetime 
smoking 

g-i** 

2-1 


Regression coefficient per 

1000 packs of 20 

— o-ynii/ycar 

-O'3 ml/year 

— o' 49 c!/m’ 


< 0-01 

*** P < O'OOI 


heterogeneity of mean FEV slope seen in Table 5.4 is statistically 
significant (P < o oi). Speculation about the effects of smoking 
should, of course, be based on the mean values in Table 5.4 as these 
characterize the relationship more explicitly than the F-ratios in 
Table 5.3 do. 

Further details of the quantitative relationship between FEV slope 
and smoking categories are gh'en in Table 5.4. The mean slopes for 
non-smokers and for ex-smokers who stopped smoking before 1961 
are essentially the same, This is in spite of the fact that the ex- 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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Table 5.4. FEV slope by mean smoking habits 1961-9 and FEV/ijT^ 

FEV slope (ml/year + S.E,, which was estimated as 28-8 /^/m) by smoking categories and level 
of VRX (Numbers of men n in bracketsO The 1961 stratification does not bias this table, 
except in the pi'opoition of non-smokers, and ic has therefore not been corrected for. 


Smoking habits 
(see Appendixes, 
section JB.8> 

FEV/t/s 
<55 cl/m® 

FEV/H® 

55-65 d/ni® 

FEV/H® 

> 65 d/m® 

AH men 
in. the 
Follow-Up 
Group 

FEV/H® in 
this am-oking 
category 
(cl/m®) 

Nou-smokers 

- ± 9 

(10) 

— 45 ±6 
(25) 

-33 + 3 
( 68 ) 

— 36 ±3 
(103) 

69 

Ex-smokers 1961-9 

- 34 ±(> 

(25) 

— ± 5 

(37) 

— 264-4 
(42) 

-31+3 

(104) 

6z 

Gave up in 1961-3 

- 37 + ^1 

(7) 

- 47 ± 11 
( 7 J 

— 26+14 
( 4 ) 

- 38±7 

C.8) 

59 

Pipe and/or cigar only 

- 74 4 -12 
(6) 

- 54±8 

( 13 ) 

-37 + 8 

(13) 

-5i±S 

(30 

64 

5 or IcBS cigarettes/day 

- 4 S+S 

(2«) 

— 52 rj: 6 
(20) 

-39 + 4 
( 45 ) 

-44 + 3 

C93) 

62 

Irregular, >5/tlay 

- 73 t ±4 

( 45 ) 

- 37±5 

(28) 

- 44 + 5 
(40) 

~ 54 t + .3 

(113) 

5 « 

Regular, 5-1 5/day 

- ±4 

(56) 

— 49±4 

(59) 

- 39±4 

(61) 

— 46 t ± 2 
(176) 

59 

Regular, is-zs/day 

- 70! ± 5 
(39) 

-51 ±4 
( 45 ) 

- 38 + 5 
(3O 

- .541 ± 3 
(Its) 

59 

Regular, >25/day 

— 59 t ±6 

(23) 

- 4 S±ia 

( 9 ) 

-52 + 11 
( 7 ) 

- 54 t ± 5 
< 39 ) 

55 

All men j 

-57 ±2 
(239) 

— 46+2 
(342) 

- 37 ±^ 

must be — 45 

(79a) 

6t 


t Biased (see text); in men with FEV/H* <55 cl/tn®, the mean FEV slopes should be changed 
to —64 (irregulars), —55 (5—15 cigarettesfday), — 74cl/m® (15—45), and —63 cl/m® {35 + ), 
which will cause some alight changes in the overall mean slopes in these smoking categories. 


smokers were on average four years older and had significantly 
lower mean FEV/H*than non-smokers. The small group of men who 
gave up smoking early in the study also have a mean slope that is 
slightly better than average. (It w’ould have been better still if a 
single asthmatic with a very steep slope had not happened to be 
included in this group: see below.) Pipe and cigar smokers have a 
slightly greater mean rate of FEV decline than ex-smokers (see 
p. 85). The steepest rates of decline are those of regular cigarette 
smokers. There is an apparent dose—response effect in that heavy 
smokers (more than 15 cigarettes/day) have steeper FEV slopes than 
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lighter smokers (5~i5 cigarettes; Jay), but among the heavy cigarette 
smokers there is no significant difference between those smoking 
more and those smoking less tl an 25 cigarettes/day. This mav be 
because the cigarette smokers v ho had lower levels of FEV tended 
to cut down their cigarette consrmption before the study more than 
did those with higher FEV level:; (p. 82). 

Unfortunately, the mean FE / slope of the obstructed irregular 
smokers in Table 5.4 is somewhat biased, and should really be 
9 mi/year shallower, while the 1 lean FEV slopes of the obstructed 
regular smokers should all be ubout 4 ml/year steeper. This bias 
arose because in 1968 we felt we ought to warn the obstructed 
cigarette smokers with the steepest FEV slopes that they should 
stop smoking. Eight of these men, with a mean FEV slope of 
- 113 ml/year, did stop or change to pipes or cigars for one or both 
of the 1968 or 19^9 summer surveys. Their steep FEV slopes in 
our study therefore caused us t 1 change their smoking habits and 
thus to re~classify them as hr'cgular smokers’. Classification of 
these eight men by their 1961 7 smoking habits is perhaps more 
appropriate. If this is done the mean MtV^ .slopes and numbers of 
men in the obstructed irregulars, 5-15 regulars, 15-25 regulars, 
and 25 + regulars would become‘respectively —64 ml/year {37 men), 
~ 55 J^l/year (58 men), —74ml/year {43 men), and — 63 ml/year (25 
men), and the overall means in hese four groups would be altered 
by +4, —I, —I, and — 2ml/ycar respectively. If the asthmatics 
were omitted from Table 5.4, the mean slope of the men who ga\'e 
up in 1961-2 would be 6ml/yeai- shallower, and that of the irregular 
smokers would be a further 4 m] year shallower. 

Effects of giving up smoking.The het that smokers who stopped before 
tpbi and those who stopped in [961—2 have FEV slopes similar to 
non-smokers, in spite of their FEV levels having been reduced by 
their previous smoking, is perhaps our most important finding. It 
suggests that further damage to FEV due to smoking ceases within 
at most a few* years of stopping, but there is no evidence of 
recovery from damage already done (see p. 84). 

The mean FEV/ff® of the ex-sinokers, adjusted to age 50 in 1965 
by the regression coefficient (o-843cl/m3 per year) of FEV/EP on 
age, was 61'2 cl/m®; the mean hEV/if® of the men smoking up to 
15 cigarettes/day, adjusted sim larly, was 5y4cl/m®. The mean 
duration of stopping smoking among the ex-stnokers was about i i 
years. For a man of height i7zcm, a difference of i-8cl/m'' in 
II years represents an average loss of FEV of SmJ/year. The 
actual difference between the me an slopes of the non-smokers and 


Source: https://www.in(justrydocuments.ucsf.edu/docs/kgnx0000 
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Table 5.5. Changes in smoking by FEV%VC 

Dtiily cigarette ctHisumption among men seen in ig6i and 1969 who were smoking some 
cigarettes in i9(»t and a different number in 1969, divided by FEV^VC. 


1961 daily 
cigarette 
consumption 

FEV%VC < 66| 

FEV%VC > 66f 

Fewer 
in 1969 

More 
in 1969 

Fewer 
in 19&9 

More 
in 1969 

I-'!4 

35 

IS 

63 

58 


(70%) 

(30";) 

(53%) 

{48%) 

15 + 

50 

ao 

79 

40 


(71%) 

(29%) 

(66%) 

(34%) 

All smokersf 

85 

35 

142 

98 


(71%) 

(39%) 

(59%) 

(41%) 


fl'est for difference of proportions; = 4'3, P < o'os. 


the men smoking less than 15 cigarettes/day is of this order 
(9 ml/year ±4), and the data are therefore compatible with the 
hypothesis that when (or a few years after) smoking stops, accelerated 
loss of FEV due to smoking ceases, but lost FEV is not recovered. 
The data are, however, far too imprecise for this to provide any 
strong confirmation of this hypothesis. 

Since many men varied their cigarette consumption during the 
study, mean daily consumption was used to classify smoking habits. 
One possible explanation for the poor relationship between mean 
consumption and slope in the heavier smokers would be that the 
heavier smokers with lower average FEV levels and steeper slopes 
have tended to reduce their cigarette smoking in the past more than 
did similar smokers with higher FEV levels and less steep slopes. 
This tendency would reduce difTerences between mean FEV slopes 
in lighter and heavier smokers, A slight tendency for this to occur 
can be seen in Table 5.5, which show's that men with obstruction 
have a greater tendency to reduce their smoking than men without 
obstruction do. This is confirmed by a significant (F < O’Oi) 
correlation betw'een ‘cigarette regression’ and FEV/H^. (The 
‘cigarette regression’ for each man is the average rate of change of 
his daily cigarette consumption from 1961 to 1969 (Appendixes, 
section B.4). The correlation between this and FEV/H'^ is very 
weak^—during the whole study, the difl'ei'ence per litre of FEV 
would only be about i cigarette/day—but it does remain significant 
(F < 0'O2) after adjustment for age, smoking type, and average 
cigarette consumption from 1961 to 1969.) 

The ‘susceptible minority' of smokers. T’he mean effects of smoking on 
the rates of loss of FEV in I'able 5.4 are so slight as to suggest 
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Table 5.6. FEV slopes by smoking habits in obstructed and in 

unobstructed men 

bluan rares of chsinj>c of FEV during t)iv igOos (ml/ycar}. nu'an li,\c1s of FEV in )</'5 
(litres), and percentages of men with and withont nirtlcrw obstruction aiul 

FEV///» < 50cl/ m'') by -smokinR habits during the igbos. 'I'lic dntn in this tahle have been 
corrected for the 1961 s-trntification. See Appendix G.i, p. 254 for atje-stajidardizcd version. 


1 

With airflow 
obstruction 

Without airllow 
obstruction 

1 103 lifelong non-smoker.s 

None with obstruction 

— 364 3 ml/year 

) 


3'6litres Cioo"„) 

j 122 ex-smokers (gave up before 1962) 

1 

i 

”36+8 mt/year 

2-2 litres (10%) 

— 32± 3 ml,'year 

3'3 litres (90",,) 

387 moderate smokers 

~ 63 + 4 ml/year 

— 44:i- 2 ml/year 

(a^rage up to 15 cigarettes/day) 

V 

2-0 litres (i2”o) 

3-3 litres (88'',,) 

180 heavy smokers 

— 78 +6 ml/year 

~49i' .1 ml/year 

(average over 15 cigarettes/day) 

2-2 litres (zh"',:) 

3-1 litres (74",,) 

792 men; ail habits 

— 66 + 3 ml/year 

2'i litres { (3%) 

— 42+1 mhyear 

3’3 litres (87",,) 


that the elTect of smoking would be of ititle practical consequence 
over three score years and ten. This is not true; the mean effects 
of smoking are small because most smokers suffer no substantial 
obstTucti^’e damage, but a minority suffer such sc\ere obstructi\c 
damage that they are eventually disabled or killed by it. It might, 
in principle, be possible to tell, in middle age, whether a particular 
smoker is one of the unfortunate ‘susceptible minority’ or not by 
simply finding out whether his FEV has been se\'erely reduced since 
early adult life. (The practical difficulties of this are discussed on 
p. 146,) 

T he effect of smoking on the ‘susceptible niinority’t can i'lest be 
illustrated by examining the men in the top left-hand corner of 
Table 5.2, who have low FEV%VC and low FEV IFF. The selective 
omission from our 1961 sample of ‘asymptomatic’ smokers could 
distort the relationship between smoking, FE^’', and FE\’^ slope, and 
we must estimate froni our actual data the relationship between 
these three factors that w’ould have been found had the 1961 
sample been completely unstratified, This is done in Thible 5.6, 
which indicates that about 13 per cent of a Follow-Up Clroup 

tOf course, ‘susceptibtlits’’ is unlikcfy to be an all-or-iiotliinu nttriLiute: in reality, a 
spectrum of susceptibility pnibiibly exists. I lo\vt'\ t'r, our arttitmciit is most cnsily ffvllownl 
it it is presented in terms ot two ctniirnsiiiif{ f.>roiips, tin* 'siiseeptibles', v\bii in tlieir 
normal iifcspnn iiiny lx;e{>me disabled by obstruetive disease if ihey smoke, ami rlu' 'ooii- 
suscepliblcs', who will not, whether they smoke or not. 


Source: https://www.industry(documents.ucsf.edu/docs/kgnx0000 
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derived from an unstratified sample would have been obstructed 
(i.e. with FEV%VC<66| and FEV/K^ < 5ocl/m^ which cor¬ 
responds to an FEV < 2-5 litres in a man of height i-7im). In 
1972, 7 per cent (21 033 / 3 t >0 389 ) male deaths in England and 

Wales were attributed to ‘chronic bronchitis and emphysema* 
(ICD 491 and 492). To the extent to which FEV in middle age can 
predict who this 7 per cent of men that will die of these causes will 
be, a degree of obstruction so severe that only 13 per cent of a 
random sample have it is therefore quite likely to be prognostically 
significant. 

Despite the fact that 103 of our Follow-Up Group were non- 
sjjiQkers, none of these 103 non-smokers were obstructed , This 
confirms that nowadays real disablement is generally restricted to 
smokers and ex-smokers. Ten per cent of the pre-study ex-smokers 
were ‘obstructed*, showing that obstruction, once smoking has caused 
it, is not usually reversed even several years after smoking ceases. 
Twelve per cent of moderate smoker.s were obstructed, while 26 per 
cent of heavy cigarette smokers were obstructed. 

The chief interest of ^Fablc 5.6, however, is not the various 
percentages obstructed, but rather the rates of loss of FEV that 
occurred. The group who were not obstructed consisted mainly of 
men who were not ‘susceptible* to tobacco smoke, plus the non- 
smokers, some of whom might have become obstructed if they had 
been smokers. Among these non-susceptible men the number of 
cigarettes smoked per day had little effect, and, of course, nor 
did stopping smoking. However, among the susceptible men the 
amount smoked had a more marked effect—both groups of sus¬ 
ceptible smokers lost FEV much more rapidly than normal, but the 
difference between them was isml/year. These differences are dis¬ 
cussed further in Chapter 7, and are illustrated by Fig. 7.1 on 
p. 130. Among the susceptible men there is also a very marked 
effect of stopping, which is encouraging for it suggests that even 
among susceptible smokers who have already suffered a considerable 
reduction in their FEV due to their smoking, the rate of progressive 
damage will slow to that typical of non-smokers (or non-susceptible 
smokers) if their exposure to tobacco smoke ceases. 

Fig. 5.2 on p. 77 complements Table 5.6 in that, although the 
smoking habits are given in less detail, the FEV/ff'^ and FEV slopes 
are given exactly. As already emphasized (p. 77), although the 
FEV/H’’ values are reasonably accurate, each FEV slope is subject 
to substantial random errors. 

Table 5.7 lists the frequency of occurrence of extremely negative 
or positive FEV slopes by smoking habit. Since, however, individual 
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Table 5.7. Steep and shallow FEV slopes 

Thia tabic gives the numbers of subjects wii i FEV slopes more than +45 ml/year from 
the mean. Steep slopes are signiricantly (P < o ooi) i:«>mmoncr among the .smokers: see alsff 
Eig-4-2 (P- 56 ). 


FE\' slope steeper 
tha 1 goml/year 

FEV slope 
positive 

103 lifelong non-smokers 

3 

7 


(2%) 

(7?';;) 

122 ex-smokers (gave up before 1962) 

2 

9 


(2%) 

(7%) 

387 moderate smokers 

27 

19 

(average up to 15 cigarettes/day) 

(7%) 

(5%) 

180 heavy smokers 

20 

5 

(average over 15 cigarettes/day) 

(M%) 


7Q2 men; all habits 

.s» 

40 


FEV slopes are subject to random measurement errors with a S.H. 
of over +2om3/ycar, some of th< sc extreme slopes arc probably 
spurious, "^rhe men with the mo; f extreme slopes are described 
individually in section F,i of the Appendixes. 

The mean FEV slope of the 31 pipe and cigar smokers was 
steeper than that of the non-and es:-smokers and similar to that of 
the lighter cigarette smokers. Etgl teen of these men had FEV/H'^ 
levels below 65cl/m^ and the sn^all group with FEV///^ below 
55 cl/m® had FEV slopes steeper th in other groups of smokers with 
similar levels of FEV//f®. By definition, the pipe and cigar smokers 
kept to the same smoking habit t iroughout the study, but 21 of 
them had previously smoked cigarei tes. All but 4 of the 18 men with 
FEV/AT® below 65cl/rn® and all ol' the small group with FEV/f/® 
below 55 cl/m®, were former cigar'tte smokers. It is possible that 
these former cigarette smokers ch mged to pipe smoking because 
of respiratory symptoms associated with an FEV level already 
reduced by cigarettes, but that this change of habit did not arrest 
their rapid decline of FEV. It ha:; been reported {Castleden and 
Cole 1973) that when men chanpe from cigarettes to pipes and 
cigars many of them continue to inhale as much as \vhen they 
smoked cigarettes, but we did not isk whether this was true of the 
men in our study. 

BTO nchial infec t io 11 

Lack of any independent relationship with FEV slope. Chest episode 
frequency assesses the frequency iff symptomatic infections quite 
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Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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accurately. Some other aspects of bronchial infection are assessed 
by sputum purulence or by H,Influenzae antibodies, but chronic 
low-grade bronchial infections will manifest themselves to us only by 
causing mucus expectoration, and these low-grade processes are 
therefore dealt with in Chapter 7, pp. 134—5 when we discuss 
hypersecretion. 

In Table 5.8 we give the results of the multiple regression 
analyses, relating indices of bronchial infection to FEV and to FEV 
slope, which are needed to help decide whctlicr the relationship 
between these \ ariables could plausibly be one of cause and eficct 
or not (see p. 72 and Appendixes, section B.io). To allow for the 
correlations between smoking, mucus hypersecretion, and bronchial 
infection which are reported in Chapter 6, some of the regressions 
in Table 5.8 are adjusted for smoking and some for both smoking 
and hypersecretion. When this is done, the correlations betw^een 
bronchial infection and FEV/H^ (adjusted for smoking) are very 
much weakened by adjustment for mucus hypersecretion, suggesting 
that the association of airflow obstruction with bronchial infection 
may arise principally because both are related to mucus hyper- 
•secretion. fl’hia means that the bronchial infections wc asacascd do 
not cause any permanent loss of FEV, and this is confirmed by 
the lack of any correlation at all between bronchial infection and 
FEV slope given age, FEV/H^, and smoking. (The correlation with 
FEV slope given only age is a ‘horse-racing’ effect, equivalent to 
the correlation with FEV///^ itself.) 

The differences between the strengths of the various correlations 
with FEV/iJ'^ in Table 5.8 are perhaps mainly due to differences in 
the accuracy with which the various indices assess bronchial infec¬ 
tion, except for the strong correlation w'ith purulence frequency. 
This latter correlation is, at least in part, an artefact which has 
arisen because measured purulence is automatically correlated with 
sputum volume, since a sputum bottle containing zero volume is 
automatically given a zero purulence rating (see p. 115). 

The ‘chest episode frequency’ is a fairly accurate index, being 
an average calculated over many six-monthly surveys. Its relation¬ 
ship with age-standardized FEV//f® (SFEV///®) is described more 
fully in Table 5.9, which shows the extent to which men with low 
FEV report more frequent chest episodes (sec also p. no). 

Jnclependent conjirmatum 0/ the non-causal vole of symptomatu' 
infections. The conclusion, based on the second column of doable 
5.8, that the chest infections we assessed definitely do not cause 
permanent loss of FEV, can be independently confirmed by seeing 


Table 5.8. Multiple regi essiom of FEV loss by infection 

F-ratios (and regression coefficients) arisii g from the relationships between FEV level. FEA’ 
slope, and various measures of the preser ee of bronchial infection. (See section B.i.s of the 
Appendixes for computational details and p. 74 for an e-xplanation of F-ratios.) 




FEV slope 

FE\Ifp 

FEV.'/r 



gh'cn age. 

(cl/m’’) 

(cl/lll'') 


Ftslope FEV/ff’, and 

given age 

given age. 


(ni 'year) 

smoking 

and smoking .smoking haliits, 


«i\ •!! age 

habits 

habits 

and phlcgnif 

Chest episode freqiieticy 

,, ,.j** 

0-9 

39’0*** 


(fraction of surveys 1962-9 with a 
chest illness or cold with increased 

( ■ IS) 

(-4) 

( “ ! 1 - 4 ) 

{-(>- 7 ) 

phlegm reported from the previous 

6 months) 





U SI fat chest cold 

j-8 

0'3 

16-6*** 

8 6*" 

When asked in J961, did the 
subject claim to suffer a chest cold 
each winter ? (0 — no, 1 = yes) 

{ - 2) 

( + 1) 

(-4-2) 

(-3-0) 

C'liest fitness 

i-(i 

O' I 

4,.gW* 

2 Tq*** 

During the perbd of the wltole 
study did the subject ever sulfur a 
chest illnc.s.>! with incicused phlegm 
requiring a week or more in bed? 

(0 = no, 1 = yes) 

( ,- 4 ) 

(+ 0 

(-6-5) 

(-4-7' 

Chest illness 1^58-61 

r [ 

09 

10-3** 

6-2* 

I n the 3 years before the first survey 
did the subject suffer a chest illness 
with increased phlegm requiring a 
week or more off work? (0 — no, 

( -0 

( + 3) 

(-3-7) 

(-2'8J 





II 





H. Injfuenzae 

.1 7 * 

0-6 

2-6 

i(> 

Antibodies found in the serum in 

( 6 ) 

(-2) 

(-1-7) 

(- 1 - 3 ) 

*968? (0 = no, I — yes, 0-29 = not 
tested in 1968) 





Purulence frequency 

■4 

2-4 

42-9I*** 

80** 

(fraction of surveys 1962-9 at 
which the mean purulence of the 

(- JZ> 

( + 15) 

(-25-7) 

(~I2'5l 

sputum specimens returned was 3 
or more) 





Purulence presence 

1-8 

0-7 

34ot;*** 

4-0* 

(0 if the purulence frequency is 
zero, I otherwise) 

(- 3 ) 

( 4 - 2 ) 

(- 5 ' 3 ) 

("■21) ' 

i 


t Mean spuuim voluinc iy()2-y and inciin l>nir-pi)int phlegm score ujbz y. 

J'l'liese eorrclntions are m-tilicial1y inlintec hy the iiceessary correhilioii lH*t\viH.-n piitnlonce 
measurement and sputum production, 

* P < 0-05: < o-oj ; ***p < O’ooi. 
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Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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Table 5.9. Chest episodes by SFEV/H^ 

Percentage distribution of chest episode frequency by agc-standardizedt FEV/’H*(SFEV//f^), 
corrected for the original stratification. 


Chest episode 
frequency 

SFEV/fV* 

< S5cl/m^ 

SFKV/m 
55-65 cl/m^ 

SFEV//f« 

> 65 cl/m* 

All 

SFEV/H* 

No chest episodes from 1962 to 1969 

22 

32 

31 

30 

0-1—19-9 psr cent 

26 

28 

36 

31 

20-39-9 per cent 

25 

26 

2 I 

24 

40 + per cent 

27 

14 

1 1 

IS 

All men 

100 

100 

100 

100 

Mean 

26-1 +2-1 

i8-od: j'5 

15 ' 7 ± 1'2 

i8'7±o-9 

Percentage of men in this SFEV/ff* 
category 

21'2 

35-2 

43-5 

lOO'O 


fThe regression coefficient of FEV/Fi'' is —0-843 clfm® per year of age, so SFEV//f® 
= FEV//if® +0-843 (age in 1965 —50), 


whether or not, for a particular group of men, their greatest FEV 
losses coincide with their infections. If a chest illness causes any 
permanent loss of FEV, the FEV observed at our various surveys 
should tend to show a decrease at the survey after the illness which 
does not recover at subsequent surveys. The ideal form of this 
pattern, in which no random errors in the FEV exist, is indicated 
in Fig. 5.3, where the FEVs at the surveys before and after an 
illness, together with the regression lines through them, are sketched. 
Although this pattern is idealized, the fact remains that if the illness ' 

has any effect on FEV (either temporary, affecting only one sub¬ 
sequent survey, as in Fig. 5.3(b), or permanent, as in Fig, 5.3(a)), 
the FEV at the survey at which the illness is reported (which is on 
average three months after the illness occurred) will tend to lie 
below the regression line. 

Moreover, if the effect of the illness on the FEV is permanent 1 

and the two surveys preceding the illness were attended without an 
illness being then reported, the regression line will tend to be below 
the FEVs recorded at those two prior surveys. If this effect occurs, 
the residuals of the FEV readings about the regression line through 
them will tend to be positive just before the illness and negative 
at the survey at which the illness is reported. We have examined ] 

the relationship between the times of occurrence of chest illnesses I 

(and of other indices of bronchial infection) to see whether any ; 

such relationship with the pattern of observed FEVs does exist, and 
it does not (Table 5.10). 

Table 5.10 gives the mean F^EV residual (column i) at'surveys 
where certain types of infective event w’ere reported or found; it 
also gives the mean residuals (columns 2-4) at each of three 

t900B9S90E ' 


(a) Per lanent l'>ss 



P—T-1-1 —i -r—j—I-j—I 

(b) Te' iporarv oss 
lllnesf 



’ J—I- 1 -1 1 r 1—I-r —1 

1961 1965 1969 

* • FEV readin ts ai eat h survey 

-FEV slope 

Fig- 5.3. FEV changes w hen events occur 

To illustrate the effect on FEV slope an -1 hence on residuals about the reEfession line of 
(a) permanent and (b) temporary reducti ms of F -iV due to a chest illness. 

successive surveys, in the insiances where all three surt’eys were 
attended and the relevant eveiit was- not reported or found at the 
first two and then was at th'- last one. The S.E.s of the mean 
residuals in Table 5,10 are only aj'proximate; no allowance was 
made in the calculation of then for tlie cov ariance between different 
residuals. (This affects the S.E.s in,column i most strongly.) For 
this reason, the data in Table 5.10 should be regarded as merely 
descriptive rather than as a defini' ive analysis. For a definitive 
analysis, we need to fit the morlels 

(a) chest illnesses have a permanent effect of unknown magnitude 
on FEV (as in Fig. 5.3(a)); an 1 

(b) chest illnesses have a teniporaiy effect of unknown magnitude 
on FEV (as in Fig. 5.3(1)) 

and estimate the unknown magn tudes by least squares (see 
Appendixes, .section B.12). 'I'he li'ast-sqiiares estimates of tlie 
magnitudes of the temporary and permanent effects of various 
events are displayed in Table 5.11, ogether with their S.F.s. Tlie 
advantage of the least-squares estimates is that, together with their 


Source: https://www.industry(documents.ucsf.e(du/(docs/kgnxOOOO 
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Table 5.10. FEV residuals when infective events occurred 

Meim FEV residuviU (ml + apprnsimaw S.E.) about individual FEV regression lines in relation to certain infective events. (Numbers uf FEV 
residuals contributing to each mean in brackets.) The elfects suggested by this table are formally estimated in Table j.ii. 

Mean FEV residuals at 3 consecutive surveys which were all attended with 
the relevant event only present at the last one. 



Mean FEV residual 

(a) 

(b) 


(c) 


at all surveys 

Event absent 

Event absent 


Event present 


when the event was 

(12 months 

(6 months 



Nature of event 

present 

before event) 

before event) 



Chest ilhtess 






with increased phlegm in the previous 6 



_ 



months necessitating at least a week in 

1 + 9 

- 9 ± 13 

I2± 11 

Illness 

- S±t 3 

bed 

(26a) 

(133) 

(133) 

between 

(133) 

Chest cold 




surveys b, c 


with increased phlegm in the previous 6 
months which did not necessitate a week 

- 5±3 

2 + 6 

-5 + 5 

Chest cold 

-5 + 5 

in bed 

(2198) 

(743) 

(743) 

between 

(743) 

Purident spiitutn 




surveys b, c 


(mean purulence score of all bottles 

- 3±7 

-5+10 

-I 4±9 


—11 ± 10 

returned at one survey being 3 or more) 

(451) 

(244) 

(^ 44 ) 


(244) 

Purulent 

H. JnjiiieTt^sae 






antibodies in the serum (assayed only in 

S ±9 

. .. 21 + II 

— _r I + 1 1 


2 +II 

1968) 

(178) 

(137) 

(137) 


(137) 



.Antibodies 

Antibodies 


Antibodies 



not measured 

not measured 


present 




Crt 


sb 


c 

CO 


c 

tin 


Table 5.11. FEV changes at the times of infective events 


Limits imposed by our data on the biggest possible effects (permanent or temporarv*) of various infective events on the FEV (ml), Least-squares 
estimates based on the differences within particular men of the FEV changes when various events occur from the FEV changes at other times, 
calculated as described in section B.12 of the Appendixes. 


E\‘cnt reported or found 

Least-squares estimate 
of the permanent effect 
of the event on 

the FEV(ml±S.E,) 

The permanent effect is 
definitely (P < o'oi)t less 
extreme than; 

Least-squares estimate 
of the temporary effect 
of the event on the FEV 
(ml + S.E.) 

Temporary effect Is 
definitely (P < o'oi)t 
less extreme than: 


Chi'si illness 






with increased phlegm 





0 

necessitating at least a week in bed 






in the pre\ ious 6 months 

- iyz± ii '6 

-40 

2 ' 6 ± 7'5 

- 13 


Chest cold 





% 

with the increased phlegm in the 






previous 6 months which did not 






necessitate a week in bed 

I-Q + +-4 

-9 

- 1-4+ 2-9 

-8 


Chest episode 






with increased phlegm in the 






previous 6 months 

- fh+ 4-3 

— 12 

— i’3 4 2'8 

-8 


Pwulent sputum 






(mean purulence score of al! bottles 






returned at one sur'‘ey being 3 or 






more) 

6-6±8-6 

- '3 

- 6 - 6 + 5’3 

- 19 


fl. lnfiucn::tie 






antibodies in the serum (only 






assayed in io68> 

- 1-5 4 11 - [ 

- 37 

i’i ± to'3 

-23 


t One-sided i per cent coniiJenee !mer\ al l'ucs to mean -2-33 

S.E.s. The units arc millilitres 

of Kl'.^ . 






Source: https://www.in(justry(jocuments.ucsf.edu/docs/kgnx0000 
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S.E.s, they enable us to set definite limits to the possible effects of 
the various events on the FEV. 

None of the least-squares estimates of the permanent effects of 
chest colds, chest illnesses, H. Influenzae, or purulent sputum differed 
significantly from zero (in independent agreement witli the lack of a 
significant correlation of any of these indices with FEV slope given 
FEV/H^, smoking habits, and age). The mean permanent effects of 
these various events were definitely (P < 0 01) very small. The 
conclusion that no permanent or temporary losses of FEV followed 
these various infective events is illustrated in Table 5.10 by the fact 
that the mean FEV residuals showed no significant pattern associated 
with their occurrence. We cannot, of course, say that no substantial 
FEV loss ever occurs as a result of a severe chest illness, but we 
can say that the chest episodes in our study, whether relatively 
severe or mild, did not, on the whole, cause such damage. Since 
chest episodes were more frequently reported by men with low 
FEV, they are the sort of illnesses that might be suspected of 
causing loss of FEV, but our findings provide no reason to justify 
this suspicion. 

Our estimate of the mean permanent effect on the FEV ot a chest 
illness serious enough to keep a man in bed for at least a week is 
a loss of only 13ml (with standard error 12ml, and thus com¬ 
patible with no effect), and the true mean effect is definitely 
(P < O'Oi) less than a loss of 40ml per illness. Since the mean 
frequency of such illnesses during our study was less than 1 in 20 
man-years at risk, chest illnesses such as these cannot be an important 
cause of airflow obstruction in the general population. 

Similarly, the true mean effect of the chest colds with increased 
phlegm which involved less than a week in bed or off work was 
definitely (P < o-oi) less than 9 ml loss in FEV per chest cold. The 
mean loss in FEV caused by one such chest cold per winter for 
20 years would thus be about zero, and definitely less than zoom). 
The mean frequency during our study was 0 35 chest colds per man 
per w'inter, so that it is not plausible to suppose that recurrent 
chest colds can be a significant cause of permanent airflow obstruction 
in the general population. This conclusion is supported by the 
independent evidence provided by the null correlations in the second 
column of Table 5.8, and by the discussion on pp. 108 and 133. 

Lack of even a temporary effect on FEV after recovery from an 
infection. An alternative, though less important, aspect of the eflect 
of chest episodes on FEV would be that they might cause a temporary 
reduction of FEV. This was found to be the case in a special 


survey of all chest colds reported in the winter of 1962-3 among 
these men (Angel et al. 1965). A least-squares model which takes 
into account recovery from infection was estimated along similar 
lines to the test of the permanent effect of a chest episode 
Appendixes, section B.12). Although a temporary FEV reduction is 
found immediately after such chest episodes, the least-squares model 
shows that there is no appreciable effect about three months later. 
(Information about chest episodes was collected at six-monthly 
intervals.) Any FEV reduction must therefore be relati\ elv transient 
and of little consequence. Using the same reasoning for temporary 
effects as for permanent effects, the mean temporary effect of a 
chest episode involving an increase in phlegm on the FEV about 
three months later is definitely (P < o-oi) less than 8ml (Table 
5.11). 

These studies of the immediate and long-term effects of our 
various indices of bronchial infection confirm independent!v the 
conclusion based on the multiple regression analysis that infective 
events such as we observed in our study do not cause any permanent 
loss of FEV and that the association of chest episodes with reduced 
FEV level either must be because low FEV causes chest episodes 
or must be due to a common association with some other factor. 
This other factor could well be mucus hypersecretion, since this is 
strongly correlated with FEV level and ^vith chest episode frequency 
(see Chapter 6). 

The ejject of jnuciis hyper secret ion on FEV 

In discussing our findings on the relev’ancc of mucus hypersecretion, 
it is important to remember that it was assessed only hv measuring 
expectoration. It can reasonably be assumed that expectoration is 
correlated with the rate of production of mucus by the submucus 
glands in the large airways, but it would not necessarily be related 
to the average amount of mucus present in these airways, Nor is 
there any a priori reason for supposing that the amount of 
expectoration must be related to the amount of mucus prf)duced bv 
goblet cells in the small airways or present in these airways. Indeed, 
in status asthmaticus, in which mucus retention in the airwavs 
causes severe obstruction to airflow, expectoration is seldom marked 
and often absent. Nevertheless, it is widely considered that the 
reduction of FEV which has been found in subjects witli expet'tora- 
tion, compared with those free from it, in many sunevs is due to 
excess of mucus in the airways causing obstruction and we now 
present evidence that this is not the correct explanation. 

Al! our indices of expectoration arc strongly correlated with 
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Table 5 * 13 . Multiple regression of FEV loss by expectoration 

F-ratios (and regression tx)eHicients) arising from the reiationships between FEV^ level, FEV 
slope, and various measures of mucus expectoration. (See section B.JS of the Appendixes 
for computatinual dctnila iind p, 74 for an explanation of F-nitios.) 



FEV slope 
(ml/year) 
given age 

FEV slope 
given 

and FEW(H^ 

FEV slope 
gi\-en age, 
F£V7//^ and 
smoking 

FEY IH^ 
(d/m") 
given age 

FEV/H® 
given age 
and smoking 
habits 

sputum volume 


>•5 

O'l 

77-0*** 

60.0*** 

Mean sputum volume 
(ml) in bottles returned 
at surveys 1962-9 

(-2-3) 

(-0-8) 

(-0-1) 

( — 21) 

(- 1 - 9 ) 

Sputum probit 


a'8 

0*2 

77 ' 4 *** 

58-1***= 

As above, but subjected 
to a probit 

transformation before 
calculating the moan 

i~(vo) 

(- 2 ’S) 

(-0-6) 

{- 5 'i> 

(- 4 - 5 ) 

Phlegm icore 

19-8*^**’ 

4.4* 

0*2 



Mean 0—4 scores 
assigned to repfica m 
the phlegm 
<]UCstionnaire 1962 9 

(-.TS) 

(-f 7 ) 

(- 0 - 4 ) 

(-Z- 7 ) 

(- 2 - 4 ) 

MRC phlegm score 

t9-4*** 

5 ' 4 * 

i-o 


41-6*** 

As almve, but scored on 
the 0-2 basis 
recommended by the 
Medical Research 
Council (19660) 

i~T‘)) 

(-- 4 ' 2 ) 

(-1-8) 

(- .'?' 4 ) 

(- 4 ' 7 ) 

Initial sputum 

3'7 

0-0 

0-5 

38-0'*** 

27-1*** 

Sputum volume (m!) at 
first (1961) survey 

(-0-8) 

T 

0 

6 

( 0 - 3 ) 

(- fo) 

(-0-8) 


*P<oo^; **P<o-cii\ *** P < O’tioi 


FEV/W® given age (the last two columns of Table 5.12). Although 
this correlation is weakened somewhat by adjustment for smoking, 
it is not w'eakened very much, This shows that even in a group 
of men with identical smoking habits, there would still be a strong 
correlation between low FEV and indices of expectoration. Since 
smoking is a major cause of both abnormalities, the correlation 
would presumably be much weaker in non-smokers, but the existence 
of a strong correlation after allowing for current smoking habits 
shows that this correlation is not due just to both expectoration 
and low FEV being caused by smoking. 

The quantitative relationship between mucus expectoration and 
low FEV///'* is given in 'J'able 5.13. It is important to note that 
although the relationship betw'een obstruction and expectoration is 
strong, nevertheless, among men with FEV//-/^ below 55 cl/m'’ 
(corresponding to FEV below 2-75 litres, in a man of height 


Table 5.13. Expectorati on by SFEVfH^ 

Percentage distribution of mucus hypersecretion b> age-standardized FEV/i?^ (SFEV/ff*; 
see Table 5.9) corrected for the original stratifi iittnn. (The boundaries 55cl/m’ and 
65cl/m^ di\’ide our rnen into three large group.s ind, for a man aged 50, 171 cm tall, 
correspond to about 2-73 litres and 3'25 litres of FE' .) 



SFEV/E/" 

< 55 cl/m® 

SFEV// r 
55-65 cl m* 

SFEV///® 

< 65 cl/m® 

All 

SFEV///® 

Mean 0-4 phlegm score 

0 

25% 

49 %; 

46% 

43 % 

ooi-o-gg 

13 % 

21% 

31% 

25% 

i'0O“i*9g 


12% 

1 3/0 

I 4 !’-n 

2'00 -1- 

41 % 

t 7 % 

10% 

19% 

Ad phlegm 

questionnaire replies 

100% 

IOO%| 

100% 

100% 

Average score for all 
men in this SFEV///” 

category 

I ’56 +0-13 

o- 77 ± 0 ' >8 

0-63 +0'o6 

0-88 + 005 

Mean sputum volume (ml) 

0 

30",, 

.I ‘ 

51",, 

46'',. 

0*01 -o*yy 


.12' „ 

3 .S"<, 

3 .l"o 

! 00 + 

33% 

i 7 ‘ 0 

I 4 ’'n 

21'% 

Ali sputum voluine.s 

100 y, 

100' „ 


ioo"„ 

Average volume for all 
men in this SFEVjfP 

category V4t + 0-30 ml 

0-62 j;0'O'', ml 

o-46 + o' 07 ml 

0-72 ±o-o6in] 

Percentage of men in 

this SFEV/H® category 

21-2 

35'2 

43-5 

lOO^O 


See Appentlix G.2 on p, 256 for an age-standardized '■‘ersion of this table. 


1-71 m), 30 per cent never managed, in some dozens of mornings 
spread over eight years, to produce ^iny sputum. This was not 
merely due to lack of co-operation; it s confirmed by the fact that 
25 per cent of the men with FEV//'® below 55 cl/m® never, in 
eight (or nearly eight) annual replies ^ claimed to ha^“e had any 
'usual phlegm’ for any part of the pre» eding winter. It follows that 
well over a quarter of this group of moderately obstructed men 
hardly ever consciously expectorated nmeus. Table 5.13 also shows 
that many of the men with chronic mucus hypersecretion over an 
eight-year period had virtually normal I^'EV. Although the relation¬ 
ship between low’ FEV and indices of expectoration is thus not 
very precise (the correlation coetficiei t is 0-3), it is quite strtmg 
in that tlie regression coefficient (-- i-q nr —Z'l ml/year) of FEV///® 
on mean sputum volume corresponds to a differettce in FEA^ of 
about o-1 litres per ml of sputum ex lectorated in the first hour 
each morning. The difference in mej n FEV between groups of 
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Table 5.14. FEV residuals when expectoration, was worse than usual 

Mean FEV residuals (mi+appryxirriate S.E.) about individual FEV regression lines in relation to certain hypersecretory events. (Numbers of 
FEV residuals contributing to each mean in brackets.) The effects suggested by this table are formally estimated in Table 5.15. 


Nature of event 

Mean FEV residual 
at all Surveys 
when the event was 
present 

Mean FEV residuals at three consecutive surveys which were all attended with 
the relevant event only present at the last one 

b 

(2) 

Event absent 
(la months 
before event) 

(b) 

Event absent 
(6 months 
before ev’ent) 

(c) 

Event present 

A non-empty sputum bottle was 

— 1^2 


28x11 

-jrtIO 

fi 

returned 

(398S) 

(194) 

(194) 

(194) 

1 * 



No sputum 

No sputum 

No sputum 


The mean volume in the sputum 

“ J ±3 

j±ii 

I 3 ±I 3 

0 ± II 


bottles returned is 2 mi or more 

(1819) 

( 155 ) 

(t 55 ) 

(iss) 




<aml 

<2 ml 

>2 ml 


Usual phlegm is reported to have 

2 + 3 

— to +6 

. ...o ±6 

_£L ±6 . 


been produced last winter 

(2336) 

(645) 

(645) 

(645) 

M 



Phlegm not 

Not asked 

Usual phlegm 

% 



usual last winter 

(winter survey) 

last winter 


Usual phlegm is reported to have 

0 + 4 

- 2±8 

— ta+S 

i [±8 


been produced during 3 or more 

(1423) 

(433) 

(433) 

(433) 

S' 

months last winter 


<3 months phlegm 

Not asked 

^ 3 months phlegm 

~ 



last winter 

(winter survey) 

last winter 



so 

■sj 


Source: https://www.industry(documents.ucsf.edu/docs/kgnx0000 
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Moreover, if we study men who sometimes produced empty sputum 
bottles and at other times did not, we find their FEV when they 
did produce some sputum differed little, if at all, from their I'TCV 
regression line (Table 5.14, column i). The last two columns of 
Table 5.15 report a formal least-squares analysis (section B.12 of 
Appendixes) which coniirms this null finding and gives confidence 
limits to the lack of any temporary effect on FEV of an hicrease 
in recorded expectoration. For each ty'pe of temporary increase in 
expectoration which is recorded, the associated temporary decrease 
in FEV is about zero and each upper 99 per cent confidence limit 
for the decrease is less than o*oj litres. If the correlation between 
FEV and indices of expectoration was due to mucus hypersecretion 
directly causing reduction of FEV then, in view of its strength 
(o'r litres per ml of sputum), there would be an appreciable FEV 
reduction when recorded expectoration increased, and this was not 
observed. 

Our evidence is therefore inconsistent with mucus hypersecretion 
directly lowering FEV either temporarily or progressively and we 
therefore liave to postulate that the correlation between these two 
abnormalities is due to their having a common cause. This commoti 
cause cannot be one which varies during adult life causing either 
temporary or progressive loss of FEV when it is more active, for 
the reasons gi^'en above, and we are therefore left with persiste^it 
common causes. These might be of two distinct types: 

1. A common cause which is approximately constant throughout 
adult life. Although FEV level would tend to be lower in people 
who have it, this would be non-progressive, so that FEV slope 
would be normal. This cause could, for example, be some 
infective or environmental damage to the lungs in childhood 
which permanently reduced FEV and promoted continuing 
expectoration. 

2, A common cause which is either constant throughout adult life 
or changes at an extremely steady rate. It would cause ex¬ 
pectoration, and an increased rate of permanent loss of FEV 
(steeper FEV slope). For example, in smokers, susceptibility 
to development of expectoration and susceptibility to develop¬ 
ment of airllow obstruction might both have at least one 
genetically determined biochemical aspect, such as excess 
macrophage trypsin or antitrypsin activity, in common. Less 
plausibly, FEV-reducing ]e,sions, which progress steadily 
throughout life, might promote expectoration. 

If the whole truth lay in alternative (i), no correlation should 
exist between expectoration and FEV slope. But Table 5.12 shows 
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that there is in fact a highly (P <0'ooi) significant relationship 
between them. We are therefore left, finally, with alternative (2) 
and conclude that there must be some common cause of expectora¬ 
tion and steep FEV slope which either remains constant through¬ 
out adult life in each individual or changes very steadily during 
adult life but docs not vary erratically from time to time. 

Since the common cause affects FEV slope so strongly, it is not 
possible to say for certain whether it also affects FEV level. However, 
it is of interest to note, in Table 5.1Z, that if the observed 
correlations in column i (between FEV slope and expectoration) 
had operated for 35—45 years, which is reasonable if the correlation 
is due to the lifelong operation of a constant common cause, then 
the regression coefficients in column 4 (of FEVon expectoration) 
would have resulted. This shows that there is no need to postulate 
any extra mechanism beyond the established correlation between 
more rapid FEV loss and expectoration to explain the correlation 
between FEV/PT^ and expectoration. 

Our data can thus be wholly accounted for by a common cause 
which is constant throughout life and which predisposes to expectora¬ 
tion and to more rapid FEV loss in those individuals who suffer 
it most strongly. The data exclude the possibility that the common 
cause varies appreciably within individuals (and thus exclude the 
possibility that mucus hypersecretion, which does vary, or any of its 
close correlates, could promote permanent obstructive changes), but 
do not exclude the possibility that the common cause progresses 
steadily within certain individuals. Thus, our data do not exclude 
the possibility that obstructive changes, which do develop steadily, 
could themselves promote mucus expectoration. However, since 
w^e can think of no plausible mechanism whereby this could occur, 
we prefer to suppose that the only connection between the two 
abnormalities is that susceptibility to one condition is partially 
linked to susceptibility to the other. 


Allergies 

None of the positive answers to questions concerning a personal or 
family history of hay fever at the initial survey (Appendixes, section 
A.3) nor of those to a more detailed questionnaire on allergic 
manifestations in the 1966—7 surveys (section A.6) w^ere correlated 
significantly with FEV slope. (However, the 17 men who were 
clinically asthmatic did on average have steeper slopes than fjther 
men—see below.) A positive answer to the question about migraine 
did correlate with slope (F-ratio = 4-8, P < 0*05; Table 5.16) after 
adjustment for FEV//-/®, age, and smoking habits, but this is almost 
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Table 5.16. Multiple regression of FEV loss by hyperreactivity 

F-ratiaa (jmd regression coefficients) arising fnjm the relationships between FKV level, I'E^’ 
slope, Eincl v.arioiiB indices siiggcstive of hyperreactivity. (Sec section EJ.i5 of the .ApiK-ndiTtes 
for ctmnputationjtl details and p. 74. for an explanation of F-ratii>s.) 



FEV slope 
(ml/year) 
given age 

FEV slope 
(nd/year) 
gi\ en age, 
FF.V/H*and 
smoking 
habits 

FEV///’ 
(ci/m“) 
given age 
and srnoking 
habits 

Asthma 

«- 9 ** 

6-8** 

la q*** 

Clinical asthmatic: see 
Appendixes section E.2 
(0 = never, 1 — yes; 2 per cent 
were thus ‘asthmatic’)- 

( -22) 

(-18) 

(-11) 

Eosmephilia 

3-7 

4 .- 2 * 

3-9* 

Were eosinophils (grade 3 
or 4) found at any of the 
surveys 2, 7 or 9 in the 

Sputum (0 = never, 

I = yes), given mean 
sputum volume 1962-9? 

(-7) 

(-7) 

(- 3 ) 

Migraine 

2-4 

4 - 8 * 

0-2 

History of migraine reported 
in i967?f (0 = no, r = yes, 

(-5) 

(- 7 ) 

(+ 1 ) 


0T4 = not present in 1967. 
N.B. proportion with 
migraine = 0'i4) 


t None of the other questions asked in 1967 about allergic conditions (hay fever, cc7,en\a, 
or urticaria in self or in first degree relatives) was negatively correlated with FEV/W^ or with 
FEV slope. 

*P < 0*051 ** P < o’oi; ***jP < o'ooi. 


certainly a statistical fluke since no correlation between migraine and 
FEV/jf/^ exists. We conclude that allergy, as assessed by our questions 
about the presence or absence of various allergic diseases other than 
asthma, is irrelevant to the development of airways obstruction in 
the general population. 

A more objective index of bronchial allergy is sputum eosinophilia, 
which was assessed in the sputum specimens returned at surveys 
2, 7, and 9. We have divided the men into two groups according 
to whether they did (i) or did not (o) have sputum with a mean 
eosinophilia grade of 3 or 4 (see p. 32) at one of these three 
surveys, '^riiis index is necessarily zero for men who produced no 
sputum at these surveys and so is coirelaled with mucus hyper¬ 
secretion as well as with allergy. Despite the crudeness of this 
index of eosinophilia, after adjustment for age and mean sputum 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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volume it was still associated with a slightly (3cl/m'‘’) lower 
FEV/H^ and a slightly (7 ml/year) steeper FEV slope (Table 5.16). 
These correlations are not accounted for by a correlation with asthma, 
but they are weak and could {P = 0*05) be due to chance. 

The meiin FEV slope of the ry asthmatic subjects in the Follow- 
Up Group was significantly steeper (22+ 7 ml/year steeper) than the 
average for all men, and this correlation between asthma and FEV 
slope persisted after adjustment for FEV level and smoking (Table 
5.16). (Three other, presumably more sev^ere, asthmatics were 
excluded because they were on regular bronchodilators or steroids— 
see section B.4 of the Appendixes.) The asthma in most of these 
17 men was mild, only 3 having mean FEV levels below 2 litres. 
Rather surprisingly, the variation of their FEV readings about their 
FEV regression lines w'as no greater than that of the non-asthmatics. 
Ten of them were cigarette smokers (mostly irregular, but mean 
consumption 14 cigarettes/d ay), 5 were ex-smokers, and only 2 had 
never smoked. 

The fact that their FEV slope w^as as steep as the mean FEV 
slope for the heavier non-asthmatic cigarette smokers indicates that 
even such ‘mild’ asthmatics may be more liable to develop pro¬ 
gressive airflow obstruction than non-asthma tics. If this is the case, 
then perhaps very slight degrees of asthma, not sufficient to merit 
clinical diagnosis, may also be relevant to the development of 
chronic airflow obstruction. Although w^e did assess responsiveness 
to histamine and to isoprenaline in a few of our obstructed men, 
finding no evidence of abnormality, our study did not include any 
reliable quantitative assessment of the asthmatic tendency of each 
man and we cannot, therefore, assess the relevance of asthma to the 
aetiology of obstructive airways disease. However, clinical asthma 
was certainly not a common feature among the obstructed men. 

Other factors 

Change of airToays resistance on smoking a cigarette. The only direct 
index we have of bronchial hyperreactivity was the change of airways 
resistance on smoking a cigarette. This was not correlated with FEV 
slope. Van der Lende et al. (1973) have shown that hyperreactivity, 
as assessed by histamine threshold measurements, is correlated with 
FEV%VC, but the correlation is not strong and may perhaps be 
largely accounted for by a common correlation of both with ex¬ 
pectoration. As an index of ‘variability of airflow obstruction’, we 
also correlated the standard deviation of FEV readings about each 
individual’s regression lines, the average scatter (maximum-mean) 
of FEV readings at each survey, and the difference between average 

8900e9E90Z 
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Table 5.17. Multiple regressir n of FEV loss by remaining factors 

P-ratios (and regrcMion coefficient) arisii u from tJie relationships between FPt' level or 
FEV slope and physical characteristics, cl"ldhrit>d illness tjiiestionnnires or X-rav litulin^s. 
(.See Recttt>n B. 15 of the Appendixes for Ct mputationa! details and p. 74 for an explanalion 
of F-ratios.) r(>f)7 ab»enteeR (A) arc as.siRne')' the avernKc value or score anionj; 11^67 attenders. 



FEV al .pe 
(ml/ye ir) 
given i ge 

FEV slope 
(mlK-ear) 
given age, 
FEV/FP/ana 
smoking habits 

FEXtl-P (cl/m-'’) 
given Hge 

and .smoking habits 

1-3 relate to the r967 
questionnaire on childhood 
illnesses {A denotes absent in 

1967) 

1. Childhood branchith 

0-0 

0*8 


Did you suffer from 

(0) 

(+4) 

(- 6) 

bronchitis before age 15? 

(0 = no, 1 = yes, 0-07 = A) 

Z, Childhood pneumonia or 

0’7 

O'O 

3 ’ 9 '* 

( -3) 

pfenrisy 

( “3 

(0) 

Did yo-u suffer from 
pneumonia or pleurisy 
before age 15? (0 = no, 

I = ye.s, O' 11 = A) 

3. Other childhood Hfnesses 

2'{) 

z -4 


Largest I'-ratio for a 
correlation with any other of 

7 illnesses before age 15 
Emphysema 

23’ 5 ** * 

9-1** 

24 - 5 *** 

( -6-7) 

Did the chest X-ray in 1967 

(— ib 

(—10) 

indicate emphysema ? 

(0 = no, t = localized, 

2 = generalized, o-io = A) 
.StandiMg heighi (cm) in igbi 

S'6* 

I'S 

t 

Weight (kg) in 1961 

(- 0 -.I 

2'5 

C - o z) 

0’9 

5-8 

Skinfold thickness on the band 

( 0 - 3 ) 

(O'l) 

^ _ Q. J J 

J '5 

0-3 


(ram) in 1967 (2 6 = A) 

( 3 ) 

(I) 

(0) 


+ I'bV/H® is strongly related to height, bet uise its denominator is the cube of height: see 
section B,6 of the Appendixes, 

*P<0'05; **P<o-oi; 


winter and summer FEV level;; with FEV slope. None of these 
correlations with FEV slope app cached significance. 

Childhood illnesses. We original!;' asked questions about childhood 
illnesses in the hope that any constitutional liability to develop 
disabling respiratory impairmei t might be indicated by a higher 
frequency of childhood illnesses ^Appendixes, section A.7). None of 
the childhood illnesses which v e enquired about ’were correlated 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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significantly with FEV slope. Only a ‘childhood history’ of 
bronchitis (given by 7 per cent of men) correlated with FEV level 
(Table 5.17), and the correlation is so weak that we are inclined to 
attribute it to reporting bias, whereby obstructed men more readily 
recall past illnesses. Even if it is due to persistent lung damage in 
some men, the lack of a correlation with FEV slope suggests that a 
history of ‘childhood bronchitis’ given by a middle-aged man does 
not indicate a constitutional liability to subsequent progressive 
airflow obstruction. 

dieight^ weighty and skinfold thickness. There was no association 
between height and the slope of log FEV, which indicates that 
height is only a ‘scale factor’ and that tall men do not have more 
fragile lungs than short men. This conclusion has been disputed, 
and is discussed in more detail in section B.13 of the Appendixes. 
There was a weak correlation between weight and FEV slope, the 
heavier men having less steep slopes than the lighter men. This 
correlation persisted after adjustment for FEV level and age but 
disappeared after adjustment for smoking habits and can be attributed 
to the fact that non-smokers and ex-smokers were heavier (mean 
76 kg, after correction for the 1961 stratification) than smokers (mean 
71kg)- 

Skinfold thickness on the back of the hand was not correlated with 
FEV/H^ given age and smoking habits, nor with FEV slope given 
age (Table 5.17). It is inversely correlated with weight and thus with 
smoking, and thus (weakly) with FEV/iif^ given age, but this 
correlation vanishes after adjustment for smoking, 

Radwlogical emphysema. Although only 10 per cent of our men were 
classified as having evidence of emphysema on their chest X-rays, 
this abnormality was strongly correlated with low FEV//f^ and 
steep FEV slope (Table 5.17). The latter correlation is reduced, 
but still persists, after adjustment for FEV//^^, smoking habits, and 
age. 

JBy old age, some smokers have extensive emphysema while other 
men with similar smoking habits may have very little emphysema. 
Extensive emphysematf)us changes reduce FEV considerably. If 
these changes develop gradually over decades, then the average life¬ 
long rates of their development must be markedly difl'erent in 
different men, even if their smoking habits arc the same. These 
average lifelong rates of development of emphysema will, in middle 
age, correlate with the rates of loss of FEV and with the amounts of 
emphysema already present. This will cause the (observed) cor¬ 
relation bctw’cen FEV slope and radiological emphysema, given 
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smoking, and, because FEV level is an imperfect measure of 
emphysema, adjustment for FEV//if® and age will not extinguish 
this correlation. 

Therefore, it is not necessary to postulate that the presence of 
emphysema somehow accelerates FEV loss in order to account for 
the observed correlations between emphysema and FEV slope. vSuch 
correlations would be expected to arise anyway, merely as a ‘horse¬ 
racing’ effect (p. 71), 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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Factors affecting bronchial 
infection, mucus hypersecretion, 
and chang-es in 
cigarette consumption 


Summary 

Chest episodes are strongly correlated with indices of expectoration, 
less strongly with indices of airflow obstruction, and weakly with 
smoking. After adjustment for phlegm score, only a weak correlation 
with airflow obstruction remains. Since expectoration and low FEV 
have a common cause, this suggests that chronic mucus hypersecre¬ 
tion increases rather than decreases liability to chest episodes. This 
suggestion is weakly confirmed by our finding no tendency for 
expectoration to be increased, except temporarily, after a chest 
episode, and by the lack of any significant tendency for expectoration 
to become greater in the course of the study in men who have more 
frequent episodes. 

H. influenzae antibodies are independently related to smoking, 
expectoration, and sputum purulence but not to FEV level or slope 
or chest episodes, "^rhis suggests that chest episodes represent a 
different type of infection from those causing antibodies atid puru¬ 
lence, although correlations with purulence are obscured by its 
inevitable link with expectoration. 

Apart from their correlation with airflow obstruction and chest 
episodes, indices of expectoration are highly correlated with smoking, 
and expectoration declined in men who reduced their smoking. Men 
who had symptoms tended to reduce their smoking more than those 
who had not. 

Introduction 

Severe airflow obstruction develops gradually and largely irreversibly 
over many years and is necessarily disabling, whether or not mucus 
hypersecretion accompanies it* mucus hypersccrcticjn alone is not 
disabling. Although we hav'c I’ound evidence that neither mucus 
hypersecretion nor the bronchial infections we recorded play any 
causal role in the accelerated development of airflow obstruction, the 


Table 6.i. Multiple regression of chest episode frequency 

F-ratios for ctirrelations of various factors with percentaee chest episode frequency from 
1962 to igfig (regression cocfFicicnts in br.i -keta). (Hee Appeiuiixes, section K.it; for coni- 
putatioriiil details and p, 74 for an cxplaiiatii n of I''-ratio.s,) 


F-ratios given F-ralios gi^■cn 

F-ratio3 },'cen age and mean age, phlegm, and 

Factor ngefoiW phlegm score FEV///^ 


hlean phlegm score igfia-g 
(scored 0-4 from 

231-0** ‘ 

(8-4) 

— 


questionnaires) 

Mean sputum probit igOs-g 

I22'7*' * 

O'5 

0-1 

(from sputum volumes) 

(tzo) 

(N.S.)t 

(N.S.) 

Mean sputum volume (ml) 

65-1** 

0-3 

12 


{3-8) 

(N.S.) 

(N.S.) 

FEV/Z-P (cl/m*) 

46-3**- 

(-0-47) 

9 5** 

( — 0-20) 


FEV (litres) 

40-6** 

5-5* 

00 


(-8-4) 

(-3-9) 

(N.S.) 

FEV%VC 


5 3* 

O' 1 


(-0-48) 

(-0-18) 

(N.S.) 

VC (litres) 

ttrH** 

1-8 

00 


(-416) 

(-1 -4) 

(N.S.) 

X-ray emphysema 

IZ-t** 

.It 

1-7 

(0, i, or 2 if measured, o-io 

(9) 

. (+) 

(N-S.) 

othenvisc) 

Smoking 

IO'7-i-2 * 

3-24-2 

3-8 — 2 

(3 groups : zero, light, lieav^y) 

(heavy + 
light + s '„) 

(N.S.) 

(N.S.) 

Present hay fever 


5-5* 

.5 3 


(7) 

(5) 

{>) 

Childhood bronchitistt 

.1-9* 

3J 

1-5 


(<f} 

(N.S.) 


Clinical asthma 

4-8* 

5-5* 

.T9 


(13) 

(13) 

(10) . 

Sputtim purulence 

r-2 

4-8* 

f>-6* 

frequency igCa-g given 

{N..S.) 

(-iS) 

(— 21 ) 

mean sputum volume and 
pixibit 

Pre.scnt migraine 

■Pi* 

5'7* 

fri* 


(5) 

(fi) 

(h) 

II. iitjlunisitp antiftodie.'! 

4'0* 

0'3 

0'2 


(4) 

(.N.S.) 

(N.S.j 


There were no significant correlations bel veen chest episode frequency and any of the 
following factors: age, height, weight, varial 'lity of FEV readings, sputum probit Tccression, 
skinfold thickness, other ulle-rgic conditions nor, among smokers, w 4 th cigarette regression 
or frctiucncy of use of filtcreel cigurctU's, 

t y\lthough !io significant correlation betwee > chest episode frequency and age existed, rnmiv 
of (he other factors are coneUiled with age, intl regressions given age are iherelore slighlly 
lutire relevanl lliaii tlircel regressions. 

Ntm-sigitificant F-ratlf)s arc marked N'.S.; s’ 'iiificaiit ones are asterisked. 

* P < 0 05 P <. 0-01 ; *** P <' o'ooi. 

tt'Fhe few men claiming childhixid catarrh ilso had more ehc.st episodes. 


0i^.00S9890^ 


Source: https://www.industrydocunnents.ucsf.edu/docs/kgnxOOOO 
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Table 6.2. Chest episode frequency by mean phlegm score and FEV/iif* 

This table estimates uhat would have been observed i£ the 1961 sample had not been stratified. Numbers of men in each cell are given in brackets 
□s percentages of the unstratihed Foilow-Up Group, Approximatet S.K.s are indicated. 



’ 


FEV/Jf» (d m^) 



Average sputum 
volume (ml) of all 
-men in this phlegm 
score.range 

1962-9 

<45 

45-55 

55-65 

> 6 s 

All men 

0 

c )'6 + 6'6 

10-2 43-9 

9-4 4- 2'6 

8-7 4 - 2’0 

9-1 + i '4 

O'X 



(5-5‘’o) 

(• 2 - 8 °o) 


(42'6^') 


□ •l-l’O 

27-7 ±7 2 

i 6-8 + 4-2 

i7'9 i:3'i 

i 8 -o + 2-6 

i8-2 +1'7 

0-3 


U-3%) 

(4-7“„) 

(q' 2 %) 

(I3'5%) 

(37-7‘’o) 


II— 2‘0 

32 -s + 6’6 

23-6 ± 4-8 

38-7 4;4'2 

27’0 ± 4-3 

27’2 X2'4- 

I'l 


U-2%) 

(3-2\) 

(4-2®o) 

(3-7%) 

(l 2 ‘ 2 “o) 


>2 

30-7 ±3'5 

37-3 ±4* 

37-5 ±3-4 

3i-3 ±3’6._ 

36-8 + 1-8 

2-6 


(4'4%) 

{3-6"o) 

{5•4^) 

(4'2%) 

(G’5\) 


.\11 men 

30-0 4-2'7 

30'3 +2‘t 

19-2 + I '6 

. r5‘3 x!'4 

18-7 ± 0'9 

. 0-7 


(8'9%) 


(3I'6'’J 

( 42 ’5%) 

(too%) 



f These S.E.s were calculated as in Appendi.xes, section B.7. If, here or in Table 6.3, allowance had been made for the dependence of the S.D. on the 
mean cheat episode frequency, only the S.E.s in the first line of this table (or Table 6.3) would have been substantially changed, being reduced by 
about a third. 
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Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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Table 6.3, Chest episode frequency by mean phlegm score and smoking habits 

This table estimates what would have been obsere-ed if the 1961 sample had not been stratified. Numbers of men in each cell are given in brackets 
as percentages. Approximate S.E.s (ace footnote to Table 6 . 3 ) are indicated. 


Men who smoked at some summer surveys, by mean Average sputum 

of the cigarette consumptions reported at summer volume (ml) of all 


i\Iean phiegm score 
1962-9 

Non-smokers 

Ex-smokers, 
stopped before 
1961 


surveys (cigarettes/day) 


All men 

men in this phlegm 
score range 
(ml) 

0-5 

>5 

>15 

>25 

0 

9’5±a’5 

iO '7 + 3-2 

7-7 ± 3-3 

8-5 ±2-7 

10-4 + 4-6 

4-5 ± 13-8 

9'i ±'-4 

0-1 



'' V / 


■ *.> *’ v»; 

-r -i* m/ 

J nl 

U 2 0 0 ^ 


0*1-1^0 

23’9 ±4-8 

ai'S ± 4-5 

i 8-6 + 4'0 

19-4 ±2-9 

13*1 ±4'7 

9'4 ±6-7 

i 8'2 X i '7 

O '3 


(i-9"o) 

(4-3'’:.) 

Cs-5"o) 

(lO'Z%) 

(3-8‘';) 

(2'I°o) 

(27'7“u) 


l-I -Z'O 

a. 5'6 + 9-8 

36'8 ±6'4 

23'0 +5’i 

. 27-2 + 4 'o 

30-7 i 5'2 

I 3'2 + I I'2_ 

27-2 ± 2-4 

I't 


(o-S''o) 

(in’o) 

(2'7'’'o) 

(3-9!'o) 

(3-0%) 

{ 0 - 8 "’) 

( 12 - 2 ®;,) 


> 2 

41-5 ±g -6 

42-1 4-3-8 

30’3 ±4'4 

38-1 ± 2-8 

37'9 ±3'5 

36-9 +56 

36-8 -L fS 

3-6 


lo-3"„) 

(O' 6 ",) 

(2-9%) 

(6-7'’..) 

(5-2%) 

(i-o"„) 

(i7'5^) 


All men 

13-9 ± 2-1 

i7'S ±i‘4 

16-3 ± 2 'I 

19-6 ii -5 

23'3 ± 2'2 

20-0 + 4'0 

i 8’7 +o '9 

0-7 


Uo-3"„) 

(14-4",.) 

(i9-4'’o) 

(34'4'-..) 

(16*4%) 

(5'i%) 

(ioo'’u) 



Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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liand, excessive mucus production, by blocking airways and inhibiting 
normal bronchial drainage, could encourage the growth of infective 
agents; on the other, the acute increase of mucus secretion which 
Occurs with clinical infections might tend to become persistent, after 
repeated episodes, as a reaction to a persistent low level of inflamma¬ 
tion. We have already concluded (p. lOo) that the association between 
airflow obstruction and mucus hypersecretion exists because they are 
caused by linked susceptibilities. We also find that there is a correla¬ 
tion between chest episode frequency and airflow obstruction which is 
largely extinguished by adjustment for phlegm score, while the corre¬ 
lation between phlegm score and airflow obstruction is not 
extinguished by adjustment for chest episode frequency. This shows 
that chronic mucus hypersecretion is a major cause of chest episodes. 
(The same argument applies if we consider smoking habits rather than 
airflow obstruction.) This argument does not exclude the opposite 
possibility, that repeated chest episodes might also cause some 
chronic mucus hypersecretion; indeed, since chest episodes do by 
definition cause some temporary hypersecretion it would be 
surprising if this were not so. However, the relative magnitudes of 
the correlations between airflow obstruction, mucus hypersecretion, 
and chest episode frequency suggest that this effect cannot be very 
marked. 

Do chest episodes cause any chronic hypersecretion ? 

We have two further ways of clarifying this interrelationship. The 
first is to look at short-term changes in sputum volume after chest 
episodes, by taking triplets of successive surveys at the middle one 
of which a man reported a chest episode but at the first and third 
of which he did not (Fig. 6.i). We can then see whether, at a mean 

Chest episode r<;ported ? NO TtES NO 

[Three successive surv'eys) 

Period during which 4^ 4. ^ 

episode occurred «■■■-> 


Mean time interval 
between episode and 
sputum volume 
measurements 


3 months 6 months 


Fig- 6.1. Basis of analysis in Table 6.4 

The successive surveys at which a chest episode is, and then is not, imported 
atjouC 3 and 9 months after the episode. 


( 


are on average 


I 

) 


£L 0 QZ^^^ 0 ^ 


Table 6.4. Changes in expectoration when infective 

events t cenr 

Sputum volume before and after 603 is'ilated chest episodes 1962-9 where 
all three relevant surveys were attended 


Survey 


Mean sputum volumet 
(ml) 


(a) One before episode reported (no episode) 

(b) One at which episode reported 

(u) One after cpi.wdc reported fao episi dc) 

{c)-(e’) 

(d) One before illness reported (no ilhn 

(e) One at which illness ( + week in bei ) reported 

(f) One after illness reported (no illness) 

{f)-(d) 


f Zero if no bottle returned. 


0-84 + 007 
I'lO hO'OS 

0'fi2 + o’oy 

— 0-02 + 0 05 
1-46 + 0-34 
1-78 + 0-23 
1-3810-23 

— o-o8 + o-2I 


period of some nine months after the episode, there was any 
measurable increase in mucus hyp'-rsecretion compared with that 
observed on average three months Itcfore tlie episode. The sputum 
volume at the second of the three .suri'eys indicates whether there 
was an increase in volume on avcragi three months after the episode. 
This analysis shows (Table 6.4) that there was, as would be expected 
since chest episodes by definition i ivolve a temporary increase in 
phlegm, more sputum produced at the survey' at which the chest 
episode w'^as reported, but there waf- no evidence of any increase of 
sputum volume at the next survey, six months later. This was true 
both for chest episodes as a whole and for the more serious type 
of episode, chest illnesses, which iii\ olve a week in hospital or in bed. 

The second approach is to look at longer-term changes'in the two 
parameters. We examined the relationship between chest illness 
frequency and sputum slope, arguing that, if chest episodes caused a 
permanent increase in mucus hypersecretion, men with more frequent 
chest episodes should show a stead v rise in mucus hypersecretion 
compared with those who had fewer chest illnesses. We found no 
significant correlation, but this may be due simply to the imprecision 
of sputum slope as a measure of changes in mucus hypersecretion. 
A study of changes in phlegm scote (Table 6.5) show'ed no clear 
evidence that chest episodes caused a ny permanent increase in mucus 
hypersecretion, but these results are ''onfused both by random varia¬ 
tion and by the secular changes in mucus hypersecretion which 
appear to have affected all the men i \ our study (see Chapter 4). 

The methods described on pp. 87—g to study the maximal 
possible permanent effect of infective agents on FEV can also be used 
to study the maximal possible permi nent increase of sputum conse- 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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Table 6.5. Phlegm score changes by chest episode frequency 

Effect of chest cpiso<ie frequency on phtegm score among those who attendetf 1-3 summer 
surveys from IQ62 to 1964 and 1—3 summer surveys from 1967 to igbg (numbers of men in 
brackets). 


Chest episode freq uency 

1964-8 

Mean 
percentage 
che.st episode 
freq ucney 
!964-8 

Mean 

phlegm score 
1962-4 

Mean 

phlegm score 
1967-g 

Change in 
phlegm score 

1962—4/1967-9 

Less titan 20 per cent 
(404 men) 

4'5 ± 0-3 

O'84 +0-06 

o'6i +O‘0'6 

-0-23 ±0-04 

20 per cent or more 
(355 men) 

44'8 +1-0 

+ci'o8 

I'65 +o-o8 

— o-i6 +0-05 


quent on either a chest illness or a chest episode. We find by such a 
study that the least-squares estimates of the permanent effect of a 
chest episode or chest illness on the sputum volume are both., in fact, 
negative! (although not statistically significantly so). The estimated 
effect of a chest episode is to decrease all subsequent sputum volumes 
by O'OoB +0 032 ml, which implies that the permanent effect of a 
chest episode increasing the subseciuent sputum volume is definitely 
{P < 0*01) less than + o'ohy ml. The estimated effect of a chest illness 
involving a week in bed is to decrease all subsequent sputum volumes 
by 0-167 +0-101 ml, which implies that the permanent effect of a 
chest illness increasing the subsequent sputum volumes is definitely 
{P < 0*01) less than +0-068 ml. These studies are not as unequi¬ 
vocal as the studies of the permanent effects of chest episodes and 
illnesses on the FEV, but as far as they go they do confirm that chest 
episodes and chest illnesses have no permanent effect on subsequent 
mucus hypersecretion. 

We conclude that the relationship between phlegm score and chest 
illness frequency is partly due to chest episodes causing a temporary 
increase in phlegm, but predominantly due to chronic mucus hyper¬ 
secretion causing increased liability to chest episodes. After allowing 
properly for this effect, men with reduced FEV (i.e. with some degree 
of airflow obstruction) may be no more likely to suffer chest episodes 
than those with more normal levels but the same degree of mucus 
hypersecretion. There is also a slight indication that men who report 
migraine or allergic diseases {particularly asthma or hay fever) and 
those who give a history of bronchitis in childhood may have an 
increased liability to report chest episodes, although since all are 
assessed by questionnaire, reporting biases will affect all of them 
similarly and no real association may exist. 

1;^Z00S9e90^ 


HaemophiJns influenzae antibodies 
We have already published our finding (May- et aL 1973) that the 
only factors significantly and independently related to the occurrence 
of serum antibodies to//, influenzae are smoking, phlegnt production, 
and sputum purulence. The lack of any relationship of chest episode 
frequency with H. influenzae antibodies after adjustment for phlegm 
score is surprising, whether 03* not May et al. arc correct in postu¬ 
lating that detectable H. tnfluenzae antibodies may not persist for 
long after active infection with ll. mflnenzac has ended, T’hcse two 
indices must represent completely different aspects cr types of 
bronchial infection, for their correlates are so dissimilar; the occur¬ 
rence oiH. influenzae antibodies is strongly correlated with smoking 
habits and, mainly through smoking, with phlegm score, whereas 
chest episodes are strongly correlated with phlegm score and, onlv 
through phlegm score, with smoking. 

Factors affecting sputum purulence 

T he multiple regression analysis of tlie mean frequency of production 
of purulent spututn is coiitpHcated by the unavoidable correlation 
between sputum \^olume asitl sputum purulcitce, hccjuise ^vitl■3tnlt 
some volume of sputum, purulence is necessarily 2010.f 'i'lii.s meaiis 
not only that we cannot interpret this particular correlation, which 
is very strong (tlie h-ratio for the correlation between sputum pu3'u- 
lence frequency and sputum probit is 281-0) but also that all correiate.s 
of sputum volume are also correlated with sputum purulence. There¬ 
fore we can study only correlatiosis n ith purulence given volume and 
probit. 

The results of this ajialysis aj'e given in Table 6.6, but because all 
the correlations are regressions gi\'en mucus hyperseci'etioTi, they are 
virtually uninterpretable. Although the correlation with Iog(FEV///‘'h 
is positive (correlations with our other standard indices of airways 
obstruction are also significant at the i per cent level, but with 
smaller F-ratios), we do not know whether a genuine association 
between obstruction ap.d purulence in the bronchi exists in our 
population. Despite the correlation with chest episode frequenev 
being zero, we know that about a third of chest episodes cause the 
sputum to become purulent at the time of the episode (Angel ct al. 
some correlation between the two slioukl exist (p, i lo), 

Purulence was an uncommon finding, seen at less than 5 per cent 

t UnlortuiiatL'ly, the indivitluiil survey iiK-asurcs of .sjiutuni vuhiine nnd sputimi puruU-iivL’ 
were means of up to three specimens. MblI we recorcled separately the volume unci puru- 
lencc of the spiltuni in each individual bottle, we could liuxe looked at the correlations of 
volume with purulence excluding all empty bottles, but wc are now unable tn do this. 


Source: https://www.in(justry(jocuments.ucsf.edu/docs/kgnxOOOO 
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Table 6.6. Multiple regression of sputum purulence 

F-rntios for the corrclatioits of various fiictora with sputum purulence Riven sputum volume 
and probit (see section B.is of the Appendixes for computational details and p. 74 for an 
expinnation of I'-wtios). 


Factor 

P'ratio 

Comment 

Smoking (3 groups) 

O'l -t -2 

No effect whatever 

Smoking (g groups) 

3 - 6 -r-S 

No effect whatever 

Chest episode frequency igGz-g 

1*2 

Weak negative correlation: see p. 110 

loeiFEV IIP) 

I 

Men with low FEV are more likely to 
have purulent sputum, P < o ooi 

H. infiwenzije aittibodies 

H. influenzae antibodies given 

10-0** 

Positive corvelattQo, P < o-ooa 

fog{FEV///=’) 

8-8** 

P < 001 


**P <1 0*01 ; < o'ool. 


of the survey attendances from 1962 to 1969, and some of the pus 
recorded may have originated from the para-nasal sinuses. Thus, any 
real relationships with purulent sputum originating from the bronchi 
are obscured, and vve can only conclude that our study has provided 
no useful information about the aetiology or role of purulence, other 
than that it is not, nor is it correlated with, a cause of permanent 
FEV loss (Table 5.8, p. 87). 

Factors affecting mucus hypersecretion 

Among the factors which were significantly related to mucus hyper¬ 
secretion, indicated by mean phlegm score or mean sputum problt 
(Table 6.7), chest episode frequency was by far the most important, 
followed by measurements of ventilatory capacity, smoking habits, 
and the presence of radiological emphysema. Among the childhood 
illnesses (Appendixes, section A.8), only childhood catarrh and 
bronchitis were related. The correlation with age, although allow'ed 
for throughout Table 6.7, was weak: weight was related only to 
phlegm score. 

Since the correlation between chest episodes and mucus hyper¬ 
secretion appears to be due predominantly to mucus hypersecretion 
increasing Ijability to chest illnesses, we can ignore this correlation 
in looking for causes of mucus hypersecretion. The relationship 
between stnoking and mucus hypersecretion is described in more 
detail in, Table 6.8, where mean sputum volumes, mean sputum 
slopes, gnd mean phlegm scores are given for various categories of 
smoking. A general increase in mucus hypersecretion with amount 
smoked can be seen, as can the tendency for hypersecretion to 
decre^Lse more in those who stop smoking than in those whose habits 
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Table 6.7. Multiple regres sion of mean expectoration from 1962 

1969 

I’-ratio.'; for the corrclntions of vnrinu factors with phlcwn score anct spiiiiifn prt>bit Riven 
age and (b) age and smoking habits ( i smoking groups). (See section B.i s of the Appendix 
for computational details and p. 7.; lor an explanation of F-ratios.) Regression coefficiet 
for phlegm score are given in brackei .. 



Phlegm 

score Q-4 

Sputum prnbti 


fa) 

(b) 

(a) 

(b) 

Smoking, 3 group,'?: none, light, 
5 or more cigarettes/day 

7' 

— 

41-0*** 

— 

Cigarette smoking: daily 



14-4^^** 

_ 

amount given whether none, 
light or 5 + (0-03 per daily 

( ''03) 




cigarette) 

Chest episode frequeneyf 

23 ot*** 

22a'7t***‘ 

I22'7«*‘* 

] ! I-7*** 

FEV (litres) 


(2-67) 

8; 7*** 

59-2*** 

72'4**» 

52'3*** 


(-C C*Q) 

(- O’57) 

I'EV///*(ci/m3) 

7( 2^** 

5.3'b*** 

77.4*«* 

5 H'i*** 

FEV",, VC 

(-r 034) 

(— 0'029) 



34*6**^* 



VC (litres) 

0.17) 

(—0-029) 




27.0**** 

21'1*** • 


(-0 39) 

( -o'33) 



X-ray emphysema 

15 •)*** 

lO'O** 



X-ray emphysema given 

(0 '>2) 

(0-47) 



FEV/H“ 

fi 1* 

3 - 9 * 

11'5*** 

g-2** 

Childhood catarrht 

(o ?8) 

(0-29) 

13' ll-**-* 

13' 11*** 

4 - 9 * 

4-4 

H. influenzae antibod ie.a 

>5) 

(o-bj) 

()■ ;•* 

2'4 

65* 

t '7 


(0 ;6) 

(N.S.) 


i 

Childhood brortchitist 

5’ ■+• 

hot* 


-Vr 


(O' «) 

{o'4y) 


Weight (kg) 

4' * 

0*2 

0*0 

0'9 


(- o'l 09) 

(N.S.) 



There Was no statistically significant con .‘lation (P < 0-05) between any of the indices of mucus 
hypersecretion and any of the following factors; clinical asthma, other allergic djsca.ws, cuher 
childhood illness, skinfold thickness, height, variability of FEV, nor, nnumg smtvkev'*., 
frequency of use of (lltei;-tipped cigateti ‘s given type and amount smoked, 
t Quantities assessed by questionnaire, tvhicli may give spuriou.'! correlations ivjth phlegm 
score since this was also assessed bv qm uioniiaire. 

*P<0'05;**F<ooi:*«*P<o'-oon | ; 

do not change so markedly, (Many of the irregular smokers smoked 
quite heavily at most surveys -see p. 8i.) 

After standardizing for smo ;ing habits and age, we find (Table 6.7) 
that only the indices of airflo v obstruction, emphysema, childhood 
catarrh, and childhood brom hitts remain correlated with phlegm 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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Table 6 .8. Expectoration by smoking habits 

The relationship between smoking habits mid mucus hypersecretion. (This table estimates 
what would have been found if the original sample of men had tiot been stratified.) 


Smakinii: fiabit.s 
(sec section B.8 of 
Appendixes) 

Mean Mean 

phlegm score sputum volume 
1962-9 1962—9 (ml) 

TOO X annual 
rate of change of 
sputum probil 
(relative to mean) 

Percentage 
of men 

Non-smokera 

0-23 +0-12 

O'30 ±o'i5 

0-8 ±o'7 

io'3 

Ex~sntokcrs 

0-41 +0-14 

0-40 +O'17 

— o '24 o '8 

14'4 

Gave up in 1961-2 

0-69+ 0-33 

o-s4±0'40 

- 3-241'9 

2'7 

Pipe and/or cigar only 

0'74+0-26 

o-37d:0'32 

0'8± I'S 

4'7 

5 or less cigarettes/day 

0-85 +0-15 

0-554019 

— o-z + o-S 

IZQ 

Irregular; sometiincs no 

cigarettes at all, but 1961-9 

i*o6 ±0-14 

o'88 + d'i8 

-0-6 4 0*8 

I3’t 

average >5 cigarettes/day 

Regular cigarettes 1961-9, 
mean 5-15 cigarettes/day 

0*93 + O'11 

0-75 40-14 

o-i 4 0-6 

23-8 

Regular cigarettes 1961-9, 

1-43 ±014 

t'>5 40-17 

o-84o’8 

t4‘3 

mean 15—25 cigarettes/day 

Regular cigarettes 1961-9, 

1-59 ±0'24 

1-50 4 0*30 

-0-741-4 

4’8 

tnean >25 eigsirettes/day 

All men 

0’88 J;0'05 

0-7240-06 

00 

(lU'CcsHiirily) 

lOO’O 


score. Among the negative findings, perhaps the most interesting is 
the lack of any strong relationships with clinical asthma or other 
allergic diseases. All the correlations with sputum probit are weaker 
than with phlegm score, presumably because the latter is a more 
accurate index of mucus hypersecretion (Fletcher et al, 1974)' 
Because of this, the correlations with phlegm score (i.e. with the 
annual questionnaire results) are in general more relevant than the 
correlations with sputum probit (i.e. with the expectoration measure¬ 
ments) . 

The only exception to this, as is noted in Table 6 - 7 ) child¬ 
hood catarrh and childhood bronchitis. These were themselves 
assessed by questionnaire and, since the questionnaire referred to 
events many years in the past, the answers will inevitably be some¬ 
what inaccurate, Answers to questions about present phlegm will also 
be somewhat inaccurate, and presumably certain men will, relative to 
the average standard of reporting, tend to over-report both their past 
and their present mucus hypersecretion, or to under-report both, if 
this is true, strong cfjrrelations between phlegm score and childliood 
bronchitis and catarrh might well arise In the complete absence of 
any true correlation between past and present hypersecretion. For 
this reason, these four correlations in Table 6.7 are uninterpretable. 
Unfortunately, even the correlations of these childhood disorders 

9i0089890Z 


with sputum probit might be biased if men w’ho now suffer from 
mucus hypersecretion are better able than those who do not to reeali 
whatever catarrh and bronchitis hey suffered as children. 1 n the light 
of this probable bias (or even if i is discounted), the smallness of the 
F-ratios (1-5 and 3*0; not statist! jally significant) we actually observe 
for the correlations of childhood catarrh and bronchitis with mean 
sputum probit given age and smoking suggests tliat the correlation 
between real childhood hypersct rction and real adult hyper.secrction 
is so weak as to be medically irrelevant, perhaps because adult 
hypersecretion is so dominated by smoking. The only escape from 
this conclusion would be to pout such gross inaccuracies in adult 
recall of childhood bronchitis th it the answers given in adult life are 
almost uncorrelated with what actually happened in childhood, and 
we find this degree of inaccuracy implausible. 

We have already discussed (p. 100) the relationship between low 
FEV and mucus hypersecretion, ind we concluded that it was due not 
only to a common correlation ^^ith smoking but also to a common 
susceptibility of the large airway;; to mucus gland hypertrophy and of 
the small airways to obstructix’c cliangcs and cmpliyseina. !f we arc 
correct, then \vc would expect that given age, smoking, and the 
current extent of airflow obstruction, there would be little or no 
relevance of hy'persecretion to mortality from obstructi\‘e airllow 
disease. (In clinically ill patients, nucus hypersecretion and attendant 
infective processes can precipita e fatal respiratory failure, but they 
have a negligible effect on the 20-year prognosis of a man who is as yet 
only moderately obstructed.) 

Regressions on sputum probit slopi 

There was a highly significant c< rrelation between ‘cigarette regres¬ 
sion’ (see below) and sputum probit slope, w'hich remained after all 
other factors had been adjusted br (F-ratio ^ :i-o directly, or 10-3 
given symptoms: Pci^o-ooi), indicating that decreasing cigarette 
consumption decreased sputum production. The only other fact{)r 
which was significantly correlated with sputum probit slope, was a 
history of eczema in childhood (P — o'oz). Since sputum tendetl to 
decrease in those with such a hist )ry, this is probably just a statistical 
fluke, since we examined about >0 correlations ^vitl■^ sputum probit 
slope. 

Cigarette regression 

Since daily cigarette consumptioi 1 rate was recorded at each summer 
survey, we could estimate tlie r; te at which cigarette consumption 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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Table 6.9. Multiple regression of changes in cigarette consumption 

Various correlations with ciftarette rcRressitm 1961—9 given age and mean cigarette consump¬ 
tion 1961-9. (See Section B.i$ of the Appendixes for computational details and p. 74 for an 
explanatioii of F-ratios.) 


Factor 

F-ratio 

Significance 

Regression coefficient 

log(FEV/H») 

15-7 

P < O'OOI 

^ — O' a daily cigarettes per 
year for each litre of FEV 

Mean sputum probit 1962-9 

7-3 

P < O’OI 

—O' 05 daily cigarettes per 
year for each ml of sputum 

Any chest illnesses 1962-9 
involving one week in bed and 
increased phlegm ? 

(0 = no, I == yes) 

11"7 

P < O'OOI 

^ —0*3 daily cigarettes per 
year 


was altering during the study as the regression coefficient of the 
number of cigarettes smoked per day on calendar year (the ‘cigarette 
regression’). Fifty-three men attended too few summer surveys to 
define a stable regression coefficient (see Appendixes, section B.4), 
and their rates of change were arbitrarily estimated to be zero. A 
quarter of the men never smoked cigarettes during the whole course 
of the study, and we therefore have meaningful rates of change for 
only 545/792 men. 

There was a tendency for the rates of decrease of cigarette con¬ 
sumption to be larger in those whose average rates of consumption 
were highest. This is just a reflection of the national trend towards 
increasing numbers of ex-smokers with advancing age (Todd 1972, 
Tables 45 and 51): when a heavy smoker stops smoking, the 
reduction in his daily consumption rate is, of course, greater than 
when a light smoker stops. However, given current smoking habits 
and age, there was a tendency for those with symptoms of bronchitis 
(dyspnoea due to airflow obstruction, mucus hypersecretion, or re¬ 
current illnesses) to decrease more than those without such symptoms 
(Table 6.9), The smallness of the regression coefficients probably 
indicates that the effect was erratic rather than that it was minute 
in those to whom it did apply, since few men had distressing 
bronchitic symptoms. The relationship with obstruction was dis¬ 
cussed in more detail on p. 82. 

Sputum purulence and phlegm score were also correlated with 
cigarette regression, but these correlations disappeared after adjust¬ 
ment for sputum probit. Rather surprisingly, the frequency of chest 
episodes was not significantly associated with the rate of decrease of 
cigarette consumption (although the regression coefficient was just 
over i S.E. away from zero in the direction of such a correlation). 
The only other factor which correlated with cigarette regression was 
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that people who were light in wei;;ht in 1961 tended (P = 0 02) to 
smoke less in 1969 than in 1961, given smoking, age, and bronchitic 
symptoms. This may be a chanc( finding, as many minor factors 
were examined. 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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Discussion and conclusions 


Summary 

After reviewing the validity of our techniques, we draw together 
our results to give an overall description of the various components 
of chronic non-specific lung disease, their interrelationships and 
causes. Two main disorders are involved, the obstructive disorder, 
which may lead to progressive disability, respiratory failure, and 
death, and the hypersecretory disorder, which may sometimes 
accompany the obstructive disorder but which is of itself of much 
less significance. Recurrent clinical chest infections are promoted 
by the hypersecretory disorder, but do not themselves cause any 
obstructive changes. 

^Each disorder is chiefly caused by smoking, but smoking has an 
appreciable effect only on men wlio arc susceptible to one or botli of 
them. Susceptibility to one disorder correlates (but is not identical) 
with susceptibility to the other. I iowever, many obstructed men have 
•/little or no mucus expectoration, while many with chronic expectora¬ 
tion will never develop significant obstructive disease. In middle age 
the extent to which the obstructive disorder has already developed can 
/be used to predict future disability and mortality, while, given the 
degree of obstruction already present, the extent to which the hyper¬ 
secretory disorder has developed cannot. 

The obstructive disorder is thus of primary interest. If a • 
‘susceptible’ smoker, who is losing FEV more rapidly than if he 
were not smoking, gives up, his lost FEV is not recovered but his 
subsequent rate of loss is likely’ to be shallower than if he had 
continued to smoke, and his expectation of non-disabled life is thus 
improved. We discuss possible future lines of research in obstructive 
lung diseases, and conclude that, apart from developing better means 
of preventing smoking, the most important thing is to investigate the 
constitutional or environmental factors that determine winch smokers 
are most susceptible to the development of significant airflow obstruc¬ 
tion, rather than spending any further effort on studying expectora¬ 
tion. 

The validity of the methods used in the study 

The sample of men 

It must be re-emphasized that the study was not concerned with 
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the various clinical syndromes associ ited with airflowmbstruction tliat 
are severe enough to lead patients to seek medical advice. It was 
designed to investigate the way in which obstruction starts to de\'elop ^ 
in men who are still fit enough to umain in full-time employment. 

It was therefore appropriate to studv working men, but the Follow- 
Up Group we studied was neither a random nor a representative 
sample of any defined population. The initial stratified sampling 
scheme increased the proportions )f men with expectoration and 
also of non-smokers, but correctio-i was made for this particular 
distortion in the analysis (Appenc ixes, section B.7). It was also 
appropriate to exclude the small nu nber of men with diseases other 
than bronchitis, emphysema, or asihma which might have affected 
lung function. The fact that mos' of the men who already had 
severe airflow obstruction in ig6i wc re either already absent from the 
works population or lapsed by deatl i or retirement during the study 
was inevitable and is immaterial to ;■ study which w^as almost wholly 
concerned with preclinical disease it men \vcll enough to continue at 
work for several years. 

It is probable that our findings an of general relevance to the early 
stages of the development of chronic obstructive lung disease in 
middle-aged males, because the inte relationships found at tlie initial 
(1961) survey between the main va iables, smoking habits, sputuni-L...- 
voiume, chest illness frequency, and FEV level were similar to those 
found in other prevalence surveys. 

Assessment of airflow obstruction 

In routine clinical assessment of lun^j function, FEV%VC is generally 
measured to distinguish between restrictive reduction of FEV, in 
which the index is normal or high and reduction of FEV due to 
airflow obstruction, in tvhich it is lo\ . At the beginning of the study, 
we measured only FEV because V J was regarded as having poor 
reproducibility and restrictive diseases were considered too rare to 
affect our results. Later in the study we also measured VC and in 
the early reports of our study we us'-d low FEV‘!„VC as an index of 
airflow obstruction. In the present analysis, however, we have made 
little use of FEV%VC since we have-excluded the 25 men (3 per cent) 
who had conditions other than clqonic obstrueti\c lung disease, 
wliich might reduce FEV. The orly value that Fh'V*’„\’C might 
have had would have been as a means of standardizing l-'hiV for 
physique but, for the reasons given in section B.h of the Appendixes, 
we found FEV= standing height) was preferable for this. 'Flic 
FEV is, of course, an insensitive index of minor degrees of small 
airway narrowing or emphysema (jMacklem 1972) but since no-one 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 




124 


Chronic bronchitis and emphysema 


Discussion and conclusions 


125 


CH,7 

develops a disabling degree of airflow obstruction without gross loss 
/Cii FEV, the rate of decline of FEV (FEV slope) is a valid (although 
somewhat inaccurate) index of the rate of progression towards this 
condition during our study. 

The steps we took to improve the accuracy of FEV, and thus of 
FEV slope, are described in detail in the Appendixes, sections 
but are, for convenience, summarized here. First, we dis¬ 
carded readings taken when, any man was receiving bronchodilator 
drugs and readings which the observer reported as being influenced 
by poor co-operation or other factors (such as a spinal jacket or 
recent dental extraction) which prevented full inspiration or maximum 
forced expiration. Next, we used only the maximum of the last three 
of the five FEV readings taken at each survey, since this was more 
reproducible than the mean (section B.i). These FEV readings were 
then corrected for observer biases and secular effects (section B.2). 

The measurements at the later surveys were less variable than those 
at the earlier surveys, perhaps because of a training effect; the mean 
FEV level for each man was therefore calculated as a weighted 
average of all the corrected FEV measurements made on that man, the 
later measurements getting slightly greater weights than the earlier 
ones (Appendixes, section B.4). (The weighted average never differed 
from the simple average by as much as o-oi litres.) 

Assessment of the rate of development of airflow obstruction 
The mean annual rate of loss of FEV (FEV slope) for each man 
during the course of our study was derived as follows; we omitted 
any of his corrected FEV measurements which, after standardization 
by 30ml/year to 1965, were more than +450ml away from his 
mean FEV' level (‘winsorization’), calculated the regression co¬ 
efficient of corrected FEV (Appendixes, section B.z) on calendar 
year, and subtracted 15 ml/year from it. In discussions with other 
epidemiologists, it has become clear to us that the two ways (winsori- 
zation and subtraction of 15 ml/year) in which our FEV slopes differ 
from simple regression coefficients make people feel much less at ease 
with our statistical analysis than they would if simple regression 
coefficients had been used. It is more difficult to allay unspecified 
misgivings than to discuss particular biases, but it is important that 
our results are not unjustifiably doubted or dismissed. In the next 
two paragraphs we show that winsorization could not have distorted 
our findings and that subtraction of 15 ml/year is irrelevant to all our 
multiple regression and least-squares analyses. 

The chief worry about winsorization seems to be that although only 
a very small proportion of the FEV readings were lost, nevertheless 
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the lost data points might be those issociated with the most interesting 
events of all, very steep slopes or s idden, large FEV changes. This is 
not, in fact, the case. Visual exami lation of the FEV data for the men 
with the steepest and shallowest 1 EV slopes shows only one man in 
the whole study whose slope was in appropriately altered by winsoriza¬ 
tion (Appendixes, Chart F.2). Insj ection of everj'^ man with two FEV' 
readings six months apart that difl jred by over 0-75 litres (Appendix 
C) showed that the vvinsorized slopes appear visually to describe the 
data much better (see, for examtffe, Charts F.14 and F.15 in the 
Appendixes). Finally, we know for certain that we would ha\-c got the 
same qualitative answers from our regression analysis anyway, 
because we originally did the whole analysis before winsorization 
occurred to us! When we repeated this analysis using winsorized 
slopes, the only substantial difference was a reduction of the standard 
errors of mean FEV slopes in cert lin groups of men. 

Subtraction of 15 mi/year fron- each man’s FEV slope made the 
mean FEV slope of the men in thi Follow-Up Group —45 nil/year. 
This was done for three reason;:.. First, because the decrease of 
variance of FEV in the second half of the survey indicated tliat 
improvements in FEV technique were occurring which meant tliat 
our mean FEV slope underestimati d the real rate of loss of FEV' in the 
course of the study by 10—20midyear (Appendixes, section B.3). 
Secondly, because the regression of FEV on age was — qdml/year 
(Table 3.12); and thirdly, because two other prospective studies in 
British men of changes in FEV o’ er periods of five and nine years 
observed rates of decline of FEV of about this magnitude: —47 
ml/year in non-miners aged 55-6.1 in Wales (Higgins and Oldham 
1962), and —45 ml/year in minei .s and non-miners aged 55-64 in 
Staveley (Higgins et al. 1968). Sub raction of 15 ml/year has no effect 
whatever on any of our subsc juent calculations (correlations, 
multiple regressions, calculation o ‘S.E.s etc.) except for tabulations 
in Chapter 5 of mean FEV slopes in which tabulations each mean 
FEV slope is exactly 15 ml/year stc _'per than it would otherwise have 
been. This in turn affects the fore; asts of the future development of 
disability in relation to,present FEV'' level which are developed later 
in this chapter. Although we cannot be sure that subtraction of 
15 ml/year from the various mea.n FEV slopes is exactly correct, 
something of this order is probs hly appropriate. The differences 
between the mean FEV slopes in different groups of men are not, 
of course, affected by our choice o ' what, if anything, to subtract. 

These several adjustments of out FEV data may make direct com¬ 
parison of certain details of our n suits with those of other studies 
difficult or impossible. For this reason, and because further analyses 
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of our data may be of interest to future research workers, a public 
copy of our original data is available on magnetic tape at Oxford 
University. Alternatively, we will gladly supply card listings of any 
particular items that other research workers want to analyse 
differently. Correspondence should be addressed to R.P. 

htdices of bronchial infection 

These indices were designed to assess the frequency and severity of 
the types of chest infection which have been thought by many 
clinicians and pathologists to be causes of emphysema or of irrever¬ 
sible bronchiolar narrowing and obliteration. 

Since chest episode frequency (ignoring multiple episodes within 
a single six-month period) was our main index of bronchial infec¬ 
tion, we need to know how far these reported episodes were due to 
or associated with bronchial infection. In the detailed study carried 
out in the winter of 1962-3 (Angel et al. 1965), purulent sputum was 
observed during the week of onset of 33 per cent of the episodes 
and was reported, but not confirmed by sputum examination, in a 
furtiicr 29 per cent, I!. influenzae atid/or Streptococcus Pneuimnnae 
were cultured from just under 40 per cent of sputum specimens 
taken at the times of these episodes, compared with 21 per cent of 
specimens taken between episodes. It seems probable that an increase 
of bronchial infection occurred in at least half of the episodes. Since 
each man has been asked about these episodes many times over, our 
estimates of the frequencies were probably quite accurate. 

Our assessments of sputum puruleiice were unsatisfactory. '^Fhey 
were l•ele^'ant only to a short period before each survey, they might 
have been subject to considerable observer variation (p. 65), and they 
may have been related to nasal as w’ell as to bronchial infection. Our 
recording method forced the continuum of purulenoc into artificial 
Yes—No categories and could not assess purulence in men who failed 
to return sputum specimens, thereby creating an unwanted associa¬ 
tion of purulence with sputum volume. Because of these drawbacks, 
particularly the last, we have been unable to make much use of this 
index of infection. 

Our assays of antibodies to H. Influenzae are also unsatisfactory. 
They were done only once, the results were not quantitative, and 
little is known about the time relationship of H. Influenzae infection 
in the bronchi and appearance of these antibodies. It is rather per¬ 
plexing tliat chest episode frequency is unconelated with 7 - 7 . Injluenzae 
antibodies or, after allowing for expectoration, with sputum puru- 
lence, although antibodies and purulence were correlated with each 
other. Furthermore, H. Infiueiizae antibodies and sputum purulence 
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correlated directly with smoking habits rather than with expectora¬ 
tion, while the opposite was true of chest episode frequency. We 
believe that this indicates that chest episodes represent a procevss 
which is largely unrelated to the determinants of H. Influenzae anti¬ 
bodies, but an alternative explanation might be that something is 
seriously wrong with one or other of our indices of infection. 

We have no direct assessments of asymptomatic bronchial infec¬ 
tions which might be relevant to irreversible damage to the small 
airways and alveoli, but since there is evidence that hypersecredtm 
of mucus is usually associated with bronchial infection in subjects 
without other respiratory symptoms (Lees and McNaught 1959; 
Laurenzi et al. 1961), we can reasonably assume that such infection 
is more likely to be present in men with than in men without 
expectoration, and ,we can thus use expectoration as an indirect index 
of asymptomatic infections. 

In summary, we have not assessed asymptomatic infections at 
all wxll, but we ha^■e assessed reasonably well the frequency (although 
not the severity or the causati^•e organisms) of symptomatic infectiw 
events. 

Measurements of mums hypersecretion 

We know of no means whereby the total volume of mucus secreted in 
the bronclii can be measured. All that can be done is to assess the 
amount of sputum which is expectorated. In normal bronchi, mucus 
secretion is always in progress,! and it is usually assumed that the 
normal secretion rate must be greatly exceeded before some of the 
increased production is expectorated as sputum instead of being 
swallowed unconsciously. We can be fairly sure that the men who 
had regular expectoration had definite mucus hypersecretion and tliat 
they had more mucus hypersecretion than men who did nut 
expectorate. An unknown number of the latter men may, howci er, 
have had mucus hypersecretion of a degree insufficient to cause 
expectoration. Particularly, substantial changes in the tiny amount of 
mucus normally secreted in the small airways could occur witliout 
any appreciable effect on expectoration, since expectoration is chielly 
determined by the amount of mucus secreted in the larger bronchi. 

Adeasurements of expectorated mucus can never be accurate. We 
were at first confident that measurements of morning sputum \ olume 
woLihl be more useful and reliable than answers lo (.lue.stions about 

t'l'hc iiorninl nmoiinl tif sct-rction is ol'ten snid to In* nliout loo inlutiiy (t’olictirtt :»ikI 
(tiily 1 <J 45 ) tlic very iincertuin basis of a nia per body \vciKbt <-xrriipol!itino fV«ini 
tracjicostumizcd rabbits and cats (Perry and I 3 oyd 1941), but it scema intuitively uiilikelv that 
it can really be as great as this. 
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expectoration and we took great care to make these rather tedious j 

measurements as accurate as possible. But it turned out that a better ] 

index of mucus hypersecretion could be derived from a five-point 
score based on the much simpler technique of asking questions about 
phlegm production (Fletcher et al. 1974). These questions were 
originally validated by their relationship to sputum volume and FEV 
level (Fletcher et aL 1959) and have now become internationally ^ 

adopted (World Health Organisation 1975). 

Although the phlegm score was designed to maximize the correla¬ 
tion with FEV level, and this might result in spurious positive correla¬ 
tions between these two variables, this increases the reliability of the 
lack of any correlation between this score and rate of decline of FEV I 

which we actually found (Appendixes, section B.8). False correlations 
may arise between phlegm score and other indices such as chest 
episode frequency which are also assessed by answers to questions, j 

because some individuals may be predisposed to over-report any | 

symptoms. For this reason, it is desirable to have two independent 
measures of mucus hypersecretion — questions and sputum measure¬ 
ments—and to obtain, as we have done, confirmatory negative and 
positive correlations of both indices with other factors. 

The nature of the airflow obstruction found in our study 

The absence of any morbid anatomical studies of the men who 
had airflow obstruction makes discussion of its anatomical basis a 
matter of assumption and conjecture. It is reasonable to describe it as j 

‘irreversible airflow obstruction’ (Ciba Guest Symposium 1959) for t 

two reasons. First, because in only one case did it remit (Appendixes, | 

Chart F.14) and secondly because in the autumn of 1963 we measured I 

FEV before and after isoprenaltne inhalation in the men who had 
taken part in the special study of illnesses that year (Angel et ol. i 

1965). At that time, 21 of these men had values of FEV/ET^ below [ 

55 cl/m^ Their mean FEV was 1-71 litres before and i’8o litres after • 

inhalation of isoprenaline—an increase of only 0-09 litres, or 5 per 
cent. The four men who had the greatest increase of FEV on i 

isoprenaline had a mean FEV of i‘69 which rose to i'96, an ^ 

increase of 16 per cent. This sort of increase of FEV on inhalation 
of isoprenaline is typical of patients with chronic obstructive lung I 

disease and is much less than would be expected in patients with : 

asthma of .similar severity. 

Twenty-five per cent of the men with definite loss of FEV | 

(FEV//f^ < 55c]/m^) denied phlegm production at all times during [: 

the study and 30 per cent of them never produced any sputum j' 
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(Table s>i3> P- 951 these figure? have been corrected for the effects 
of the ig6i stratification). Man ' might assume that these men bad 
emphysema, but the absence ol mucus hypersecretion as shown by 
expectoration does not necessai ily exclude intrinsic disease of the 
airways (Matsuba and Thurlbet k 1973). 

A laboratory study of a small group of men with significant 
obstruction (Appendixes, section E.i) suggested that both emphy¬ 
sema and intrinsic disease of th ; airways were involved to differing 
degrees in these men. This seem.'- in any case likely, since both of these 
pathological processes are rel ited to smoking and are closely 
associated in autopsy studies (IN latsuba and Thurlbeck 1972; Scott 
i 973 t *976)- That emphysema v as making a significant contribution 
to airflow obstruction in our ;tudy is shown by the correlation 
between radiological emphysem i and FEV level (Table 5.17, p. 103). 

Factors that cause irreversib le airflow obstruction 

Smoking 

in conformity with virtually : II prevalence sur\eys and clinical 
reports, our study has confirme 1 that cigarette smoking is now the 
main cause of chronic airflow obstruction. But smoking leads to 
airflow obstruction of a degree v hich is likely to ha\x any functional 
or clinical importance only in a minority of smokers, -who must 
therefore have some special susceptibility to the effects of tobacco 
smoke on the lungs. 

Table 5,6 on p, 83 shows tha only a sixth of the smokers in our 
study had values of FEV///® les: than 50 cl/m'* (corresponding to an 
FEV below 2'5 litres in a man )f height I'yi m). The mean FEN" 
slope of these ‘obstructed’ smok -rs was twice as steep as that of ex¬ 
smokers, whereas the less obstrm ted smokers had a mean slope which 
was only slightly greater than niat of non-smokers or ex-smoker.*?. 
ITe figures given in I’able 5.6 s iggest that the effect of smoking on 
FEV level has often been undere? timated in prevalence studies where, 
as is usual, mean FEV Ie\'eis of smokers (grouped according to 
tobacco consumption) are compa ed with each other and n ith those of 
non-smokers. In such compariso ts, the real effect of smoking on FEN" 
among a susceptible minority of smokersf is concealed by the virtualh' 
normal FEV le\'els of the majo'ity. In addition to this, the index 
of exposure to tobacco smoke 11 mally employed in epidemiological 

tWcurenot neces.'sarily positiiiK that ‘siis eptibility' is iin all-or-notliiim fliarntR-ristic, Init 
wc sire suf^gesting that if the whole poptih lion were exposed to (.stiy) 15 eiRarette.'s/diiy for 
30 years, the resultant FKV losses would i uve a skew disfrihutioti. with many qiiitt- .sn-idll 
losses bur a 'tail' of clinically significant los-cs. This is confirmed by the skewed distribution 
of the amount of emphysema measured at ni lopsy among lofi smokeit; by Ryder et nl . (1971). 
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Fig. 7.1. The effect of stopping smoking at age 40 on subsequent 

losses of FEV 

The Figure illustrates the FICV losses we wtiulcl expect to hnti over n 20-year period in 3 
groups of men who had all smoked the same amount as c«ch other until the ilge of 40, 
developing definite, but mild, airflow obstructaji) (FFV = 2'5 litres) hccause of this, <>IH* 
group then gives up smoking at age 40, otic group smokes under 15 cigaretles/day 
tltereafter, and one group smokes over 15 cigarettes/day, 'Fhe dotted lines represent trends 
about 1-5 b.D. above and below the mean trends. The dashed horizontal line IndicsUea an 
FEV of I'O litres, which is normally associated with disability. 

Twenty-year extrapolation of an individual slope observed over 8 years would be quite 
unjustified in view of the large errors of estimation of true individual slopes. It is more 
reasonable to extrapolate mean slopes appropriate to a particular FEV level, especially since, 
given FEV level, age is irrelevant (Appendixes, section B.g). The effect on these predictions 
of the acceleration of FEV loss will not be appreciable (Table 4.6, p. 67). 

The extrapolation in Fig. 7.1 is, of course, based on the assumption that subtraction of 
15 ml/year from the slopes gives the true mean slope of any group of men. It is also based 
on the assumption that all other factors which may aflect FEV slope (e.g. air pollution) 
remain constant over the coming 20 years and that smokers do not start using modified 
cigarettes which are less harmful to their lungs than those which they have hitherto smoked. 

studies is the current level of smoking. We have found a tendency 
for smokers with reduced FEV levels to reduce their cigarette con¬ 
sumption more than those with higher levels (Table 5,5; p. 82). This 
is probably the reason why in most prevalence studies, including 
our own initial survey (Table 3.15; p. 48; and Fig. 3.3, p. 48), 
only a small difference of FEV level between lighter and heavier 
smokers lias l>cen found. Some authors have tried to deal with these 
changes in consumption by calculating ‘lifetime’ cigarette consump¬ 
tion (p. 78), using an index such as ‘pack-years’, but such indices arc 
prone to severe inaccuracies owing to the poor recollection that 
smokers have of their previous habits (Todd 1966). 
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None of the lifelong non-smokt rs in our study had ‘airflow obstruc¬ 
tion’ (defined as FEV/H^ < 50 t /m^ and FEV%VC < 67), and the 
absence among them of a signifu ant correlation between FEV level 
and slope (Appendixes, Table B.8) indicates that the variation of FE^" 
level among them was due muc 1 more to differences in physique 
than to differences in rates of 1 »ss of FEV. In autopsies, lifelong 
non-smokers are found, almost vithout exception, to be free from 
significant emphysema or small ai 'ways disease (Anderson et a/. 1972; 
Auerbach ef o/. 1972, 1974; T’hui !beck ef «/. 1974). In clinical series, 
a small minority of patients with severe irreversible airflow obstruc¬ 
tion are reported to be lifelong n >n-smokers. Some of these ma>'^ be 
ex-smokers who wish to conceal their former smoking habits, some 
may have undiagnosed intrinsic (‘ are onset’) asthma (Scadding 1971)* 
some may have an exceptional sus- eptibility to general or occupational 
air pollution from a^-antitrypsin deficiency or may have some un¬ 
recognized idiosyncratic types of illness. The important thing is that, 
in epidemiological terms, lifelong non-smokers with severe airflow 
obstruction are great rarities. Cli deal study of such individuals may 
be illuminating but their existence should not divert attention from 
the dominant role of cigarette smoking in the present-day aetiology 
of disabling airflow obsfructinn. 

Effect of f^izdng tip smoking. Our finding, in agreement with that of 
Comstock ef (1970), that whet smokers who already have definite 
airflow obstruction stop smokin.i; their accelerated decline of FEV 
slows down so that their FEV si jpe becomes, on average, the same 
as that of non-smokers, is important from the point of ^•iew of 
prevention. The possible import: nee of this observation is illustrated 
in Fig. 7.1, which provides a 20-\ ear linear extrapolation of the mean 
rates of decline (+1^ S.D. of tri e decline rates, estimatedt as +20 
ml/year) which we observed in ex-smokers and in moderate and 
heavy smokers, as they would apoly to men who have smoked until 
aged 40, 171 cm in height with : n FEV of 2^5 litres (FE\"// 7 ^ = 50 
cl/m®), By the age of 60 only about 5 per cent of those who had 
stopped smoking at 40 would havi an FEV below i litre, while a third 
of those who had continued to smoke less than 15 cigarettes/day phis 
more than half of those who snu ked more than this would have an 
FEV of less than a litre and would probably be sex'crely disabled. 
Whatever the appropriate S. 13 . may be, about half of each group of 

f It is ilillicniU to kn(t\v ilio S.l). of rosl i. (rs ol (U-rliiio in obstriicloil niCM, li't iilnnc tlu’ 
depcndenC'C of S.D, on smokins habits, 'I’in' S.D. in cjbs.tructed men will Ih' Rreater than the 
+ 15 ml/year estimated (Appendixes, section B.i i) in all men, but Table B.8 suggests that it 
will not exceed izoml/year. 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 





132 


Chronic bronchitis and emphysema 


Discussion and conclusions 


133 


CH.7 

men will do better than average for that group (solid arrow), while 
half will do worse. 

The chance of survival and freedom from disability is clearly much 
greater for those who have stopped smoking. This improvement of 
prognosis is endorsed by the major prospective studies of mortality 
rates in relation to smoking habits (Doll and Hill 1964; Best 1966; 
Kahn 1966; Hammond ig66) in which ex-smokers have been found 
to have much lower mortality rates ascribed to bronchitis and 
emphysema than cigarette smokers who have continued to smoke. 
The conclusion that there are improved prospects for those who give 
up smoking is also supported by pathological studies which have 
shown much less severe emphysema in ex-smokers than in continuing 
smokers (Auerbach et al. 1963). 

In spite of this evidence, many people have taken the view that 
once the lung has been damaged by smoking, progression of the dis¬ 
order is unaffected by stopping smoking (Macklem et al. 1974). This 
view has been based on reports that in clinical set'ms of patients with 
chronic obstructive lung disease, patients who stop smoking do not 
have a better prognosis than those who continue to smoke (Jones 
et al. 1967; Burrows and Earle 1969), Among clinical series of 
patients, however, those who stop smoking tend to have stopped 
because they have even more advanced disease than those who 
continue: the gravity of their disease then determines their prognosis. 
Such observations, made in the terminal stage of the disease, do not 
contradict our evidence that stopping smoking while lung function is 
only moderately impaired is, on average, of great benefit. We did not 
detect any differences in mean FEV slope between smokers of filter¬ 
tipped and plain cigarettes. Filter-tip users, however, are self-selected, 
and may have different manners of smoking or different suscepti¬ 
bilities to disease. Ours is not a controlled study demonstrating filters 
to be without effect. 

Other causes 

Our study provides no information about the part played by general 
or occupational air pollution in causing irreversible airflow obstruc¬ 
tion, for none of our sample of men were exposed to any recognized 
injurious dust or fumes and all lived in a similar urban environment. 
During the period of our study levels of air pollution in London were 
declining steeply (Fig. 4,6, p. 63). At one time, we thought that the 
difference between the observed mean FEV change of —30 ml/year 
in the Follow-Up Group and that of — 45 ml/year which was expected 
from the regression of FEV on age was due to the beneficial effects of 
this decline in pollution. We now realize that this difference could be 
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spurious and due only to the depression of some early readings by 
the cold winter of 1961—2 and to increasing competence in the 
performance of the FEV test during the course of the study 
(Appendixes, section B.3). 

There are undoubtedly causes of chronic obstructive lung disease 
on which our study can throw no light, some of which were 
presumably responsible for the high ‘bronchitis’ mortality in the 
United Kingdom long before cigarette smoking began (Coilis 1923). 
The large social-class gradient of ‘bronchitis’ mortality in England 
and Wales, for example, was present before any social-class gradient 
in cigarette consumption had appeared. 

Factors that do not cause irreversible airflow obstruction 

Bronchial infection 

We have concluded that symptomatic bronchial infection was not a 
cause of persistent airflow obstruction in our sample of men. We have 
great confidence in this conclusion because of the strength and 
consistency of .our negative evidence. None of our indices of infection 
correlated with FEV slope after adjustment for FEV level and there 
was no e^ddeuce that the chest episodes wc obvser\ed had any 
permanent effect on FEV level (Table 5.11, p. 91). W^e also consider 
that this conclusion is of general validity because we have found no 
published observation to support the widely held belief {British 
Medical Journal articles 1973, 1976; Hallett 1973; Crosby 

1974) that acute infective exacerbations of chronic obstructive lung 
disease may cause a permanent loss either of FEV or of any other 
index of ventilatory capacity. In patients with severe airflow ob¬ 
struction, a slight reduction of FEV is often seen when an exacer¬ 
bation of infection occurs (Howard 1967), but such losses are usually 
only temporary (Felix-Davies and Westlake 1956). Although Howard 
(1967) reported a few sudden losses of FEV in bronchitis patients 
attending hospital, a later repetition of his study (Howard 1974) 
on a similar series showed no such effects. 

Apart from the abovp cases, the view that clinical infections cause 
permanent obstructive damage appears to be based on three in¬ 
adequate pieces of evidence: 

1. There is a correlation between low FEV and frequent chest 
infections, but this correlation exists chiefly because both are 
associated w’ith mucus hypersecretion (Table 6.1, p. 107). 

2, Some patients give a misleading history' (see, for example, Chart 
F.i, in the Appendixes), suggesting that their respiratory disability 
dates back only to an acute respiratory infection. 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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3, At autopsy, there is an association between obstructive lesions 
and inflammatory processes; however, the inflammatory processes 
are not necessarily related to clinical (or even to subclinical) 
infections, and, even if they were, association need not imply 
causation. 

We cannot, of course, say that no clinical infection ever causes an 
appreciable degree of irreversible airflow obstruction, but we can 
assert that this must be a rare et'^ent in adult life. There are two 
conditions, prevalent especially in children and young adults, in 
which it has seemed probable that infection causes airflow obstruc¬ 
tion. The first is cystic fibrosis. In this disease, severe bronchial 
infection is almost invariably present, so that it is difficult to compare 
children with and w'ithout infection in whom the disease is otherwise 
of uniform severity, and it may well be that liability to develop 
obstruction is as much a direct result of the disease as is liability to 
infection. Bronchiectasis is the other condition whiclr is often asso¬ 
ciated in young people with airflow obstruction. In this condition, it 
seems to have been assumed that the infection and hypersecretion of 
mucus are the cause of as.sociatcd airflow obstruction (fl’hurlbeck et aL 
J970), but this view is again based on the assumption that association 
implies causation. In 1974, l.,andau et al. reported a long-term follow¬ 
up of pulmonary function in young subjects with bronchiectasis in 
which records had been made of the frequency and severity of 
infective episodes. Although the paper does not relate this to rate of 
reduction of FEV, Dr. Landau has reported, in a personal communi¬ 
cation, that there was no such relationship. 

Although acute symptomatic infections do not cause irreversible 
airflow obstruction, there remains the possibility that subclinical 
infections may do so, just as symptomless bacteriuria may cause 
chronic renal damage (Kass atid Zinner 1969), but the parallel 
between the renal tract and the bronchial tree is not close. In 
subjects without sufficient mucus hypersecretion to cause a chronic 
productive cough, the bronchi have usually been reported to be 
sterile, so that ‘subclinical’ bronchial infection appears only'^ to occur 
in subjects with marked expectoration (Lees and McNaught 1959; 
Laurenzi et al. 1961). Since we found that mucus expectoration is 
not associated with significant loss of FEV, no viral, mycoplasmal, 
nor bacterial infections which are strongly associated with overt 
mucus expectoration can be significant causes of progressive airflow 
obstruction. Nor could any subclinical infections which are strongly 
ass(jciatcd with the frequency of clinical infections be causal. A causal 
role can be postulated only for some hypothetical subclinical infec¬ 
tions which are unrelated to mucus exnectoration, to clinical chest 
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episodes or to the production of H. Influenzae antibodies, and we 
know of no evidence that such infections occur, let alone that they 
are more harmful than clinical infections or than subclinical infections 
which are associated with mucus expectoration. 

Allergy 

Our indices of allergy are imperfect, but the complete lack of correla¬ 
tion of FEV level or slope with a personal or family history of 
allergic disorders, with variability of FEV readings, or with hyper¬ 
reactivity to the inhalation of cigarette smoke provides no support for 
the hypothesis that allergy plays an important part in progressive loss 
of FEV. However, sputun> eosinophilia was weakly correlated with 
steep FEV slope and low FEV, and the 17 men in the Follow-Up 
Group whom we considered (Appendixes, section E.a) to have 
clinical evidence of asthma had a steeper mean FEV slope and lower 
kEV than the rest of the Follow-Up Group, which suggests that they 
may have had a more rapidly progressi\'e form of airflow obstruction. 
The difference in FEV slope was 22ml/year (Table 5.16, p. 101), 
which is significant from the point of view of the asthmatic individual, 
but not from the point of vitwv of the general population, since 
most people are neither clinically nor subclinically asthmatic. In 
our Follow-Up Group, for example, the mean FEV slope was only 
made 0-5 ml/year steeper by the asthmatics, and this is negligible. 

The relationship between mucus hypersecretion, as indicated 
by expectoration, and low FEV 

We have measured only mucus expectoration, either at the time of each 
survey (the sputum \'olume coughed up into a specimen bottle during 
the first hour in the morning), or during the year preceding the 
survey (scoring answers about usual phlegm during the preceding 
winter). Expectoration might not correlate with hypersecretion by the 
goblet cells, nor with the average amount of mucus actually present 
in the airways. (For example, in status asthmaticus expectoration 
may be absent despite severe airflow obstruction due to retained 
mucus.) Our measures of expectoration therefore only directly assess 
hypersecretion by the mucus glands. 

As expected, a definite correlation between low FEVj//'* and 
mucus expectoration existed, which at least \ alidatcs our measure¬ 
ment Lechniijues. 'The rolationsbip was not precise (correlation 
coefficient = 0 3), and there were many indtN idual exceptions to it 
('Table 5.13, p. 95). However, it was far from negligible: the 
regression coefficient was 2 cl/m^ of VEWflP (about 01 litres of 
FEV) per ml of expectorated morning sputum. This correlation 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnxOOOO 
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persisted after adjustment for smoking, so comparing two men with 
identical smoking habits, we would tend to find that the man with 
lower FEV had more expectoration. 

'^This correlation is not due to chronic mucus hypersecretion 
directly increasing the rate of permanent loss of FEV in the past, 
because indices of expectoration are not correlated with FEV slope 
after adjustment for FEV level. It might therefore be postulated, as 
we have done pre^'iously (E^letcher 1975) that excessive mucus in the 
airw’ays obstructs the flow of air in them but does not damage the 
airways or alveoli causing progressive airway narrowing or emphy¬ 
sema, but this hypothesis is not consistent with the temporal relation¬ 
ships between changes in expectoration and of FEV. 

Using each man as his own control, it is possible to compare his 
FEV when he had a high sputum volume with his FEV when he did 
not, and likewise to compare his FEV losses in the years during 
which he reported usual phlegm with his FEV losses in other years. 
If mucus hypersecretion caused obstruction to airflow or permanently 
damaged the airways, we could detect this effect by examining 
surveys when expectoration was greater and at these surveys, we 
would expect the FEV level to be temporarily depressed or the FEV 
losses to be greater than that man’s average. This was not found to be 
so (Tables 5.14 and 5.15 on pp. 97 and 99). 

We therefore have to postulate that the association between 
expectoration and reduction of FEV is due to their having some 
common cause. This cannot be one which varies, causing more FEV 
loss and expectoration when it is more active, because of the lack of 
correlation between short term changes in both factors, so it must be 
some fairly constant common cause. 

The correlation between expectoration and FEV slope shows that 
the common cause does not result merely in a non-progressively 
lower FEV, but causes steeper FEV slope in adult life. If the observed 
correlations between expectoration and FEV slope operated for 3 5—45 
years, which is plausible if they represent an invariant common 
liability to expectoration and to FEV loss, then a correlation of the 
necessary strength would arise between expectoration and FEV/Ff“. 
Thus, to explain everything we have observed, there is no need to 
postulate any further mechanisms other than this special suscepti¬ 
bility in certain individuals to both expectoration and more rapid 
FEV loss. 

What might this common, lifelong determinant of lifelong suscepti¬ 
bility (in the polluted and cigarette-smoking conditions of working- 
class London) to expectoration and to steep FEV slope be ? We have 
no data, and can only speculate. Analogy with the profuse hyper- 
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secretion and rapid FEV loss in a, -antitiypsin deficiency suggest; 
some aspect of macrophage ly.^is, contents, or removal migl 
worth investigating, and the Brit sh social-class gradient with re 
to bronchitis suggests that sonn aspect of childhood environment, 
childhood nutrition, or childhoo 1 infection might also be. 

Our conclusion that mucus e: pectoration, and the processes that 
are more active when it is in :reased, are not causes of either 
temporary or progressive airflow ibstruction conflicts with the widely 
accepted idea that, because expec oration is an essential component— 
indeed, the defining characteristi ■—of‘simple chronic bronchitis’ it is 
an essential precursor and comp )nent of ‘chronic obstructive bron¬ 
chitis’. Our data show this t( be mistaken: expectoration and 
obstruction are best thought of ns separate processes, w ith no connec¬ 
tion between them other than i common susceptibility to de\‘elop 
both in the presence of cigarette smoking and the London en^■iron- 
ment. 

For this reason, indices of muc is expectoration might help to single 
out young subjects, at present si II fit, who have an increased chance 
of developing disability (Fletchc et ol. 1959; Reid 1970). By middle 
age, how'ever, chronic expecto ation should not be as good an 
indicator of such people as sot le measure of the extent of FEV- 
reducing changes already preset t in their lungs would be, and this 
is what is actually found. Krueger et al. (1970) reported increased 
mortality in people with persist jiit cough and phlegm, but other.s 
have shown that this increased r sk in people with producti\ e cough 
disappears after allowing for dyppnoea (Higgins and Keller 1970) or 
for FEV level (Cole 1975). 

The irrelevance of expecto rati tn to chronic airflow obstruction is 
so much at variance with our own preconceptions and those of 
others that confirmation by offer studies is needed. Cullen et al. 
(1970) and Scott (1973, 1976) fi und no correlation of mucus gland 
enlargement with emphysema at autopsy. Ryder et al. (1971) did find 
such a correlation, but many examples w’ere found of marked 
emphysema without undue mu<'us gland enlargement and marked 
enlargement without^ emphyserria. Their findings led them to con¬ 
clude, as we do, that emphysema is not directly caused by mucus 
gland hyperplasia, but rather that the two conditions are both 
influenced by a common aetiological agent. They ob.seiwed a highly 
skew distribution of the amount of emphysema per lung, many lungs 
having less than 10 per cent 0 ’ emphysema \\ hile the amount of 
emphysema present in lungs wi li more than to per cent was very 
various. This conforms excellen ly with our inferred skew distribu¬ 
tion of the susceptibility to devf lop airflow obstruction in response 
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to smoking, but almost all of their patients who were known to be 
smokers died in hospital and, if some of these deaths were due to 
emphysema, ttieir cojitribution to the skewness is an artefact. 

No other prospective study as big as ours has been reported, 
but Higgins et al. (1968) observed a random population sample of 
320 young men and 237 middle-aged men twice, at an interval of 
nine years. Their FEV was measured, and questions about smoking 
and chronic phlegm production were asked. Given the mean FEV, 
and smoking habits the correlation of the difference between the two 
FEV readings (equivalent to our FEV slope) with the average of 
two scores derived from the answers to phlegm questions (equivalent 
to our phlegm score) was zero in the young men, but differed from 
zero by 2‘48 S.E.s in the older men, in the direction of those with 
more phlegm having on average a greater loss of FEV (T. J. Cole 
1975, personal communication). Their survey is smaller than ours, 
but this value does not coincide with our precisely negative results. 
However, in view of the inadvertent correlations that can arise 
between the means and differences of two FEV measurements, no 
undue discrepancy exists, and we must now await the findings that 
will emerge from large American and Dutch follow-up studies which 
have been started. 

Causes of bronchial infection 

We are concerned here not with the bacterial or viral agents which 
are responsible for persistent or recurrent bronchial infection (which 
vve did not study), but only with those factors which vve found 
increased the susceptibility to such infections. Since the actiological 
factors implicated in the chest colds or chest illnesses which were 
reported appear to be different from those implicated in the produc¬ 
tion of H, Influenzae antibodies or asymptomatic purulent sputum, 
these must be considered separately. 

Factors affecting chest episode frequency 

The main factor causing an increased liability to report chest episodes 
is mucus hypersecretion. Since our definition of a ‘chest episode’ 
required the existence of an increase of phlegm at tlie time of the 
‘episode’, some correlatitm between mucus hypersecretion and chest 
episodes must necessarily exist. But inclusion of tlic zo per cent-of 
chest episodes which were not associated with an increase in plilegm 
did not materially change the strong correlatiott of these episodes with 
mucus hypersecretion, A correlation between mucus hypersecretion 
and chest illnesses has been observed in prevalence sutveys, but in 

9900098902 


such studies it has not been possible to discover which causes which. 

Our prospective study has enabled us to observe that since na 
permanent increase in mucus hypersecretion occurs after chest 
episodes, the correlation is probably due to mucus hypersecretion 
increasing liability to chest episodes rather than the re\'erse, although 
our sputum volume measurements are so inaccurate that they are a 
rather shaky foundation for such a major conclusion. Stronger 
evidence perhaps is that the correlations of chest episode frequency 
with smoking and with airflow obstruction arc almost extinguished 
by adjustnient for mucus hypersecretion, wliile tlie converse not 
true: the associations of phlegm score with smoking and with airflow 
obstruction are not much reduced by adjxistment for chest episode 
frequency. After adjustment for mucus hypersecretion, only a small 
residual correlation of chest episode frequency with airflow obstruc¬ 
tion remains. Even this may be due not to men with obstruction 
being more liable to chest episodes, but rather to their being more 
likely to report minor episodes with an associated increase in dyspnoea 
which would have so little effect on more normal men that they would 
di.scount and forget them. 

ff’ho fact that, altc'r adjustment for mucus hypcrsceiction, there is 
n (5 Cf)rrelatioti hetwecti clicst episode frequency and smoking liabits 
is an important negative linding. It indicates that tobacco smoke docs 
not directly increase liability to acute bronchial infections but only 
causes the mucus hypersecretion which then increases this liability. It 
also confirms our conclusion that chronic mucus hypersecretion pre¬ 
disposes to clinical chest infections rather than the converse. The 
observation that among the men who deny phlegm production 
(Fletcher 1965) or return empty sputum bottles (Table 3.16, p. 49), 
smokers more often report chest illnesses than do non-sniokcrs may 
be explained by the inaccuracy of‘persistent phlegm production’ at a 
single survey as a quantitative index of mucus hj'pcrsecretion. 
Smokers who deny phlegm or fail to produce any sputum probably 
have more real mucus hypersecretion than non-smokers who deny it 
and this difference, rather than smoking itself, may be responsible 
for the increase in illnesses reported by these smokers. 

Factors affecting H. Influenzae antibodies 

Mucus hypersecretion is independently, though not strongly, related 
to the occurrence of H. Injlnenzae imtihodwa. Tltc most important 
factor correlated with II. Influenzae antibodies is smirking, although 
smoking is not correlated with sputunt purulence given mucus liyper- 
secretion. We do not know why, gi^■en mucus hypersecretion, 
smoking should correlate with H. Influenzae antibodies but not witli 
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Sputum purulence or chest episodes (May et al. 1973). We.were un¬ 
able to characterize the relationship between mucus hypersecretion 
and sputum purulence (p. 116). 

Causes of chronic mucus hypersecretion 

By far the most important cause of chronic mucus expectoration is 
smoking, particularly of cigarettes. In virtually all prevalence studies, 
the proportion of subjects who admit to regular phlegm production is 
linearly related to current smoking habits. The proportion of ex¬ 
smokers affected is much less than that of continuing smokers (Table 
6.8, p. 118), although still greater than that of non-smokers. In our 
study, smoking habits are highly correlated with both phlegm score 
and sputum probit. Mucus expectoration is usually reduced when 
smoking stops (Wynder et al. 1965), and we found that it declined 
significantly in men who reduced their cigarette smoking. Expectora¬ 
tion is quite strongly coiTelated with airflow obstruction, and we have 
already given our reasons for considering this to be due to the 
existence of a special susceptibility that some individuals have to j 

expectoration and to more rapid loss of FEV, ! 

Among the non-smokers at the initial survey, about one in seven 
returned a non-empty sputum bottle (Table 3.14, p. 47). A com¬ 
parison of these non-smokers with sputum with a sample of smokers 
matched for age and sputum volume showed a significantly higher 
incidence of childhood bronchitis in the non-smokers (Fletcher 1965). 

It is possible that some men eschew smoking because they already 
have a productive cough in adolescence, when most smokers adopt the 
habit, and continue to have this symptom as adults. That air pollution 
is a cause of expectoration as well as of airflow obstruction is 
suggested by the increased proportion of people living in polluted 
areas who report phlegm production compared with the proportion 
in country dwellers (Holland and Reid 1965). Other, unknown factors 
may also increase the prevalence of expectoration, as is shown in 
Britain by its increased frequency in both adults and children in the 
lower compared with the higher social classes (College of General 
Practitioners 1961; Colley and Reid 1970). 

The natural history of chronic obstructive lung disease 

Our study has enabled us to describe the development of potentially 
disabling airflow obstruction only as we have observed it in adult j 

men using the FEV a^s a test of impairment of expiratory airflow. j 

Our observalions, together with the findings of many other epidemio- ' 

logical studies, indicate that mucus hypersecretion, bronchial infec- I 
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tion, and airflow obstruction, w‘hich have been widely regarded as 
components of a single disease (‘chronic obstructive bronchitis’), 
consist in fact of two largely distinct processes, caused by two linked 
susceptibilities to smoking and other forms of air pollution (Fig. 
7.2). On the one hand, there is mucus hypersecretion, which in¬ 
creases liability to persistent or recurrent bronchial infection and, on 
the other, there is the more sinister development of airflow obstruc¬ 
tion. The latter is itself a complex disorder due in varying propor¬ 
tions to small airways disease and to various forms of emphysema. 
In describing the development of chronic obstructive lung disease, 
as we have observed it in adult men, we must consider the hyper¬ 
secretory disorder and the obstructive disorder separately. 

The hypersecretory disorder consists of hypersecretion of bronchial 
mucus, derived from enlarged bronchial mucus glands and also, to a 
much lesser extent, from,hyperplastic goblet cells, causing a produc¬ 
tive cough. It is itself a reaction, in susceptible individuals, to 
smoking and to other forms of generalized and industrial air pollution. 
Its severity increases wath increasing degrees of exposure to causati^*e 
irritants, being, for instance, greater in heavier than in lighter smokers. 
It is not clear whether its severity increases wdth increased duration 
of exposure. In most surveys, it has been found to be more pre\ alent 
and severe in older than in younger subjects, but in others no such 
increase has been found (Higgins 1974). In our own initial survey 
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there was only a srnall increase with age (Table 4.6, p. 67). It 
decreases when exposure to the causative irritant stops—as in ex- 
smokers or in migrants from the polluted towns of the United 
Kingdom to less polluted areas of the United States (Reid 1971). 

The only disability mucus hypersecretion causes, in the absence of 
severe obstructive disease, is an increased liability to bronchial 
infections which result in recurrent illnesses and absence from work. 
In subjects with severe obstruction, however, such infections often 
precipitate respiratory failure which may be fatal. 

The obstriiciive disorder is due, in varying proportions, to disease 
^of the airways and to emphysema. Using the simple test of FEV, w'C 
have been able to study the natural history of this disorder only 
when it is severe or extensive enough for maximum expiratory airflow 
to become significantly limited by these conditions. Its main cause 
today is cigarette smoking, but general and industrial air pollution 
are contributory causes (Bennett et al. 1972). 

Only a small proportion of cigarette smokers and of those exposed 
to other pollutants develop airflow obstruction to a degree which may 
be disabling, this proportion being greater in heavier smokers. In 
these individual.s, it usually develops gradually without sudden 
worsening (Appendixes, sections 13 , 9 , B-ib Appendix C). The 
proportion of significantly affected smokers increases with age. d’his 
finding is consistent with the rarity of significant emphysema in 
autopsy studies before the age of 40 and with the increasing propor¬ 
tion so affected with increasing age thereafter (Anderson et al. 19721 
Auerbach et al, 1972; Thurlbeck et al. 1974). We find that the rate of 
loss of FEV accelerates slowly with advancing age (Appendixes, 
section B.9). Although the overall rate of loss is fairly regular, it may 
increase or decrease over periods of years. It appears that in some 
people, decline may accelerate rather rapidly after a period of slow 
advance, fl'his might be expected if a steady rate of damage to the 
small air\vays is occurring throughout life without any great effect 
on the FEV until small-airways resistance and loss of elastic recoil 
are severe enough to increase total resistance to airflow significantly. 
Rapid decline of FEV usually reverts to a normal rate of decline if 
smoking is stopped, but it may also slow down for no apparent 
reason even in some patients with severe obstruction; patients with 
substantial FEV loss sometimes continue without much further 
deterioration for several years. 

We know almost nothing about the factors that determine which 
individuals will and which will not react to tobacco smoke and other 
air pollutants by developing either or both of the hypersecretory and 
obstructi\ c disorders, d'here is fairly good evidence that familial 
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factors may play a part (Oswald 7 al. 1953; Layland 1964; Cederlof 
et al, 1967; Larson et al. 1970). Severe deficiency of oc^-anti trypsin 
certainly causes a high degree of susceptibility' (Erilcson 1965) but is 
too rare an abnormality in the ho nozygous state to account for more 
than a minority of cases of emj- hysema. Although some studies of 
relatives of patients with this deficiency have suggested that hetero¬ 
zygotes W'ith minor deficiencies may have a greater liability to the 
disease (Mittman et al. 1971), n > such tendency has been found in 
complete population studies (Morse et al. 1975). There is little 
evidence to suggest that heterozyj otes for the commoner abnormality 
of cystic fibrosis have any special liability to chronic obstructive lung 
disease (Muir et al. 1962; Halle't et al. 1967). No differences have 
been found between the distribi tion of blood-groups in bronchitic 
patients and the general populaf on (Stuart-Harris 1965). 

The role of allergy in the caus ition of chronic airflow obstruction 
is controversial, largely owing to difficulties of differentiating 
persistent asthma from chronic i nstructive lung disease (Kreukniet 
and Young 1964; Char pin et al. i >64; Ciba Guest Symposium 1971). 
We have found that allergy, as assessed by questionnaires about 
eczema, urticaria, hay fever, or migraine, i.s irrelevant to the ob.sti'uc- 
tive disorder; that sputum eosint'philia might be weakly related to it; 
but that clinically asthmatic subjects do appear to suffer appreciably 
more rapid FEV loss. However although this last finding, if con¬ 
firmed in a larger series of asthmi tic patients, may be of considerable 
relevance to certain asthmatic inc ividuals, it is not of much relevance 
to the overall natural history of the obstriicti^'e di.sorder, since the 
greatmajority of obstructed indiv duals are not asthmatic, in the sense 
of having reversible airflow obstiuction. 

iTerminology 

Recognition of the distinction betw'een the hypersecretory and 
obstructive disorders requires revision of current terminology, 
particularly with regard to the common use of the term ‘chronic 
bronchitis’ to describe both or ei her of these disorders without any 
regard to this distinction. 

If this term had been used inly to indicate expectoration, its 
meaning would have remained c lear, but it has come to be used to 
describe various symptomatic 'and clinical syndrome.s, and it.s 
meaning has become increasing a nbiguous (World Health Organisa¬ 
tion 1975). We suggest that it sh*»uUl be used much less widely, and 
that in its place the dilferent con ponents which Irave been regarded 
as contributing to ‘broncliitis’ to \ irying extents should be specifically 
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Eiamed in any publication or discussion of them (e.g. mucus hyper- 

/ 4 ecretion (or ‘bronchial catarrh’, to revert to Laetinec’s simple 
terminology)', bronchial infection; and irreversible airflow obstruc¬ 
tion—or its components, intrinsic airways disease and emphysema). 
There may be occasions when it will be convenient to use the 
omnibus term ‘chronic obstructive lung disease* or, when asthma is 
to be included, ‘chronic non-specific lung disease’ (Ciba Guest 
Symposium 1959)- It is particularly important that the distinct 
pathogenesis of the hypersecretory and obstructive disorders should 
be kept in mind when talking or writing about what has hitherto 
been regarded as a single disease under the comprehensive term, 
chronic bronchitis. 

'^Identification of early chronic obstructive lung disease in 
order to prevent its development 

In recent years, it has often been proposed that, since only a minority 
of smokers or of those exposed to general or occupational air pollu¬ 
tion develop disabling airflow obstruction, disability might be 
prevented if these susceptible subjects could be identified at an early 
age. They might then be dissuaded from starting to smoke, or, if 
already smoking, be given special assistance in stopping, and advised 
to avoid exposure to other harmful forms of air pollution. We shall 
not consider here the special case of homozygotes for a^-antitrypsin 
deficiency, who certainly need protection because of their very high 
risk, but shall discuss how the majority of susceptibles with no such 
recognizable characteristics might be identified. Identification may be 
considered within three broad age groups. 

In childhood 

In Britain it has been shown that children who develop lower 
respiratory tract infection, who live in polluted areas or who belong 
to the ‘lower’ social classes have an increased liability to develop 
productive cough and have worse lung function in childhood, as 
shown by measurements of peak expiratory flow rate (Holland et of. 
igfipa, h', Reid 1969, 1970), It has consequently been suggested that 
these children will later have an increased liability to develop chronic 
obstructive lung disease. This is an attractive hypothesis but is no 
more than this, for it J)as not yet been Kubstantfuted, and cannot 
be until such children have been followed at least until the fourth 
decade of their liv^es when unequivocal evidence of chronic obstruc¬ 
tive lung disease may first be obtained. 

It has been shown, in one group of children followed into their 
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third decade, that the prevalence of bronchial catarrh is greater in 
those who are known to have had i lower respiratory tract infection 
in infancy (Colley et al. 1973). It has also been found that soldiers 
who have spent their childhood in polluted areas in England and 
Wales have a higher incidence of ‘respiratory disease’ during their 
service than those who came from less polluted areas (Rosenbaum 
1961) but, of course, these young idults would not yet be of an age 
when they could have developc I significant irreversible airflow- 
obstruction. 

If our conclusion that the hypert jcretory and obstructive disorders 
are largely independent, apart fron 1 a common susceptibility to both, 
is correct, identification in child lood based chiefly on bronchial 
catarrh or bronchial infection may lelp identify the more susceptible 
subjects. But on the other hand it may, despite the correlation 
between the two conditions, be no nore relevant to the development 
of chronic obstructive lung disease han these conditions are in middle 
age. 

In early adult life 

Smokers do, on average, have sligli jy lower values of FEA'^ than noti- 
smokers (Ashford et al. 1961; Pete s and Ferris Some young 

adult smokers with normal values on simple tests like the FE\', 
however, show abnormalities on ‘ ensitive tests’, which are not un¬ 
reasonably assumed to indicate sor le sort of small airways disease, it 
has naturally been suggested that t lese tests could be used to identify 
susceptibles before any severe irr ;versibie airflow obstruction hadi^ 
developed (Macklem 197^; Bates 1974). As in the identification ofi 
susceptible children, this hypothe is has not yet been tested by the 
15-20 year follow^-up which would be needed to establish its validity. 
But abnormal closing volumes gre often found in middle-aged 
smokers who have retained normal •'EV levels (McCarthy e/ al. 1972). 
Our evidence suggests that such sni okers are most unlikely to devehyp 
severe airflow obstruction. An abn jrmal closing volume can thus be 
irrelevant to prognosis in middle a ;e, and if irrelevant in middle age. 
it may not be relevant at earlier ag s. 

hi middle age 

Our findings suggest that man\ susceptible smokers could be 
identified during middle age by th 'ir having developed a significant 

t The apparent conflicting observation of Fct is et al. <1965) that linear regressions cf FKV 
on age in smokers and non-smokers cross -.'r at the age of 30, so that at earlier ages 
smokers appear to have higher FEV levels, is presumably an artefnet clue to fitting linear 
regreaaiona to a rate of decline with age -which ^ actually curvilinear (see Fig. 3,2, p, 45). 
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reduction of FEV level. These smokers would already have developed 
a considerable degree of chronic airflow obstruction, and this trend 
towards serious disability is likely to continue unless they stop 
smoking. If they do this, their accelerated FEV decline is likely to 
revert to a normal rate of decline, and progression to disablement 
may be delayed or avoided (Fig. 7.1, p. 130). As the degree of smah 
airways disease already present by middle age in susceptible smokers 
must be very considerable, new, specific tests may be forthcoming 
which will detect these changes with greater sensitivity, and thus 
earlier, than can be achieved by simple spirometry. (It is incorrect to 
argue, as do Krumholz and Medrick (1973), that ‘FEV is of no use as a 
screening test in middle age because mean FEV among smokers, 
although lorver than the mean among non-smokers, is still within 
normal limits.’) 

It is, however, difficult to use a simple test like the FEV for 
individual diagnosis. What is needed is to discover how much FEV 
a middle-aged smoker has lost owing to his smoking. For this we need 
to know both his FEV now and what it should have been had he never 
smoked—the ‘expected FEV*. 'Fo determine his EEV now’ may need a 
few measurements over a period of a montli or so to see the best that 
he can do. T'he expected FEV cannot be known accurately for there 
is such a wide range of normal values (2 S.D. — + i litre) even after 
allowing for age and height. The best that can be done for the present 
is to accept that a middle-aged smoker whose FEV is 1 litre below the 
expected value is very likely eventually to become disabled by low 
FEV unless he stops smoking. This is probably as accurate a method 
of assessing prognosis as is available in many other fields of medicine. 
An ideal method by which the prediction might be improved would 
be if means could be fi>und to ensure that most people had an accurate 
forced expiratory spirometric trace recorded in early adult life and to 
arrange that the records could be readily retrieved. At present this 
proposal hardly seems practicable. 

Summary of conclusions 

We have observed two largely distinct chronic disorders of structure 
and function of the lung (see Fig. 7.2, p. 141), the obstructive dis¬ 
order (intrinsic airways disease and/or emphysema causing impair¬ 
ment of expiratory airflow with eventual disability), and the hyper¬ 
secretory disorder (increased activity of mucus-secrcting glands 
causing expcctoratioti with increasing liability to clinical bronchial 
infections). Both are caused predominantly by smoking (particularly 
of cigarettes), with other forms of air pollution plavint; a contributory 
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role. Because of this common causi and because they develop only in 
subjects with constitutional suscc >tibilities which are often linked 
with each other, they commonly oc ur together, but they may develop 
independently of each other, part cularly in their early stages. Our 
study of an employed population cannot tell us whether, when the 
obstructive disease is advanced, it may itself promote an increase of 
hypersecretion and infection. 

Mucus hypersecretion, chiefly derived from the larger airwa3's, 
develops fairly rapidly in respon ;e to smoking and often remains 
constant over many years. Itusuall .■ remits tvhen exposure to smoking 
and air pollution ceases and i both predisposes to and is a 
temporary efi’ect of bronchial infe ;tion. 

The obstructive disorder appe irs to be distinct from asthma as 
diagnosed clinically, is much com noner than asthma, and is largely 
irreversible. It develops gradual); over decades only in susceptible 
subjects who smoke or who are exposed to hea^•3" air pollution or 
industrial dusts or fumes with a consequent gradualh' accelerating 
reduction in values of simple spii ometric tests of expiratory airflow 
such as tine FEV. 'I’liis reductioti permits detection in mitidle ago 
of subjects who arc likely to progn ss to severe disablcmetu. It seldom 
causes disability before the ago of except in \'ery high-risk subjocls 
such as those with oc^-antitiy'psin deficiency. If susceptible subjects 
stop smoking, the rate of subsei uent FEV loss is much le.ss rapid 
than if smoking had continued, S' > tliat disabilitj' may be delayed or 
av'erted. Since the rate of loss of s’entilatory capacitt' in susceptible 
subjects is determined by tiieir iegree of susceptibility and, gi^'en 
this, is unaffected by mucus hype' secretion or by bronchial infection, 
neither of these are of any siniste' prognostic significance in middle- 
aged subjects in the absence of aii flow obstruction. ''I'he main consti¬ 
tutional factors -whicii determine susceptibility to either (or both of) 
the hypersecretory or obstructi\-t disorders are not known, but the\' 
are familial (Layland 1964; Earson et ai. 1970) and so they could be 
partly inherited. 

In view of the independence ol tlie hypersecretory and obstructive 
disorders, it is inappropriate to r( fer to either or both of them by the 
term ‘chronic bronchitis’. This tc m should no longer be used without 
qualification unless the context : is such as to make the intended 
meaning clear. 

Suggestions for future resear :h 

Although wc are coniklent of ot r conclusion that tlie two disorders 
are not as strongly linked as was pre\’ioiisly supposed, it is desirable 
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that this conclusion should receive independent confirmation. More | 

complete analysis of prevalence studies could be useful. In such 
studies, the relationships between mucus hypersecretion, infection, 
and airflow obstruction have usually been demonstrated merely by 
looking at mean FEV values in various groups of subjects. FEV ' 

levels in middle age are correlated with FEV slopes, so that FEV * 

levels themselves provide a useful index of the rate of progression ■ 

to airflow' obstruction. Re-analysis of much existing data should at " 

least provide confirmation or refutation of our finding that a large 
proportion of subjects with mucus hypersecretion and a history of * 

recurrent infections have normal levels of FEV and that a consider¬ 
able proportion of subjects with reduced FEV have no evidence of I 

mucus hypersecretion or recurrent infection. It will not be easy to [ 

confirm our finding of little relationship between FEV levels and chest ' 

infections, given mucus hypersecretion, in prevalence studies, for ! 

chronic mucus hypersecretion cannot be assessed sufficiently 
accurately for that purpose by a single measurement. [ 

Our group of ‘obstructed’ ex-smokers was so small that although 
we are confident that they derived some benefit from stopping 1 

smoking, we are unable to quantify the benefit accurately. Further 
studies are needed of the changes of FEV that occur in obstructed 
smokers when they stop smoking, at various ages and with various 
degrees of mild obstruction.f This would require several measure¬ 
ments of levels of FEV (or similar tests) initially, followed by another 
set of such measurements more than five years later to provide a 
reasonably accurate measure of rate of decline. This should be done 
both in obstructed smokers who do and in those who do not stop 
smoking. Siudies of the effect of stopping on subsequent FEV 
decline would be of less interest in middle-aged smokers without 
airflow obstruction because, not being very susceptible to the obstruc¬ 
tive disorder, their rates of decline of FEV will be almost unaffected 
by stopping smoking. 

Such investigations could also be combined with further studies of 
the key problem in prevention, which is how to persuade smokers 
to stop. How far, for instance, can repeated lung function measure¬ 
ments—perhaps using special ‘sensitive’ tests^—-be used to increase < 

and maintain determination to stop by demonstrating benefit in those 
who stop compared with lack of benefit in those who do not? At the 1 

same time, obstructed smokers who could or w'ould not stop should 
be persuaded to use modified forms of cigarettes (e.g. with low tar 
levels or containing ‘new smoking materials’) to see whether this 

tTliere are, of course, plenty of ‘obstructed’ ex-smokera in clinical series, but nearly all 
of these will be men who did not atop smoking until they were already disabled. 
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lessens the rate of decline of ve ntilatory capacity compared with 
those who continue to smoke ordinary cigarettes. Although primary 
prevention of smoking-related d seases is needed by universal dis¬ 
couragement of smoking, modi fit d forms of smoking which ma^’ be 
less hazardous also need to be de' eloped and monitored, to sec what 
effects they have on those win > do start to smoke and become 
addicted to it. 

Another requirement is that better means of early detection of 
susceptible individuals should bt developed. A simple test like the 
FEV can be used, as we have us' d it, to study group differences in 
levels and rates of change of prec inical airflow obstruction, but it is 
unsatisfactory for individual diagnosis because of the wide range of 
‘normal’ values. This range migh be reduced by using more refined 
methods of predicting individual ■ xpected values. Any such de\’elop- 
ment would be of immediate prog lostic value because lowered \ alues 
of simple tests of expiratory airfl< w are necessarily of some value as 
predictors of development of clinical airflow obstruction. But other, 
more specific, tests, suitable for fi 'Id use, would be useful, especially 
if they could distinguish betwe 'n small airways disease and the 
various types of emphysema and tl lus permit a more complete study of 
the natural history of different at pects of the obstructive syndrome 
tlian we have been able to make. Long-term follow-up studies of 
subjects who have already been studied by the various ‘sensitive’ 
tests of small airways disease are equired to see how well such tests 
detect those who will later devehip significant airflow obstruction. 
The likelihood that any test wil turn out to be a good predictor 
could be studied in a preliminary ^ . ay simply by looking at its correla¬ 
tion. with tests such as the FEV in middle-aged smokers. Any test 
which does not correlate reasonably with the FEV in middle-aged 
smokers is unlikely to have much prognostic significance. 

The weakness of mucus hypei secretion as a predictor of future 
disability makes it a far less vali able screening measurement than 
almost any spirometric measurei lent w-ould be. Population (or in¬ 
dustrial) screening programmes s lould never be based solely on the 
results of questionnaires, and it is desirable that permanent traces 
of all spirometric tests be general ,:d. 

Lastly, there is the central question of why some smokers do and 
others do not develop airflow obsl uction. The only clues we have are 
that the determinants of susceptik ility to more rapid loss of FE\’ are 
correlated with the determinants of expectoration, that they do not 
vary within one individual as the 1 mount of expectoration varies, and 
that since many individuals devel )p one disorder without the other, 
the determinants are unlikely to b ■ identical. The first requirement is 
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to develop hypotheses about the nature of these determinants. They 
could then be tested in simple cross-'Sectional surveys of people who 
have smoked regularly until middle age. The 15 per cent of middle- 
aged lifelong smokers with the highest levels of FEV (standardized 
for age and height) could be used as ‘non-susceptible controls' for 
comparison with the 15; per cent with the lowest FEV levels (after 
confirmatory measurements to ensure that the low levels were 
genuine), without any selection in either group for the presence or 
absence of hypersecretion. Such case-control studies could be used 
to test any factor that might be thought to indicate susceptibility to the 
obstructive disorder. It is also desirable that in all cross-sectional 
studies of chronic obstructive lung disease, serum samples (at least 
from such contrasting groups as the top and bottom 15 per cent (by 
FEV) of middle-aged lifelong smokers) should be taken and stored to : 
facilitate future assays of any serum factor which might be suggested 
to be relevant to susceptibility. 

If the basis for this susceptibility could be established, our under-- 
standing of the mechanisms whereby the obstructive, and perhaps the^ 
hypersecretory, disorders develop will be increased, "^rhis might well, 
lead to more practical preventive sirntcgics and to therapeutic tech¬ 
niques which arc not, as at present, entirely palliative. : 
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